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ABSTRACT

T'hirteen correlatable lithostratigraphic units are recognized in
cores recovered from the central Arctic Ocean. The stratigraphic
units range in age from late Miocene to Holocene and can be
correlated over several hundred thousand square kilometres. Cores
were taken from ice-island T-3 during its 1963 to 1973 drift in water
depths ranging from 1,069 to 3.820 m. The 13 stratigraphic units,
designated A to M, include silty and arenaccous lutites and
carbonate-rich, pink-white layers. Three arcnaceous lutites are
important marker bedsin the lower part of the section (A to H), and
pink-white lavers are distincetive units in the upper section (1 to M),

Ages tor the units can be calculated by the use of palcomagnetic
reversal signatures and by extrapolation of sedimentation rates
based on these figures. Units Tto M have calculated sedimentation
rates that average 114 mm 1000 yr. whereas the sedimentation
rates of the older units (A to Hy average 0.5 mm - 1,000 yr. Pehbles,
probably ace-rafted. occur throughout the umits. Extrapolation of
the sedimentation rate from the Gilbert Polarity Interval § reversal
indicates that the oldest erratic in undisturbed sediment may have
been deposited $.26 moyv.ago. In general, the arenaceous tutites and
pink-white lavers represent the highest sedimentation rate and are
interpreted to have been deposited duning times of increased glacial
we-ratting Silty lutites may abvo be principally ice-ratted sediment,
but they are believed torepresent peniods of reduced ice-ratting and
lower sedimentation rates

Four types of glaciai-marime sediment can be characterized by
slt-clay histograms. $he tour histogram ty pes (tvpe L nonsorted,
tvpe T Bimodal. type B cly modeand type TVoalt maded reflect
ditterences in the environmental factors that influenced glacial-
manne sedimentation. The major process that atlected deposition
ot ce-ratted debrsan the Arctic Ocean study area may have been
mid-depth occame arculation Tittle cevidence was tound to

Present address Whitman, Continentat i Company, Ponca O
Ok lahoma 74608 Morgan Arco O and Gas Company . Anchorape
ALk 9510 Moackey Ao O and Gas Company Houcton Tesas
TTon)

support the hypothesis that the reworking of central Arctic Basin
glacial-marine sediment by bottom currents had any major etfect
on silt-clay distributions.

A mode was observed in the fine to coarse clay particles tn most
central Arctic Basin glacial-marine sediments. A similar mode was
observed for East Pacific Ocean pelagic clay samples. A fine mode
in both types of sediment suggests that deposition of clay and fine
sitt of pelagic or glacial origin occurs unmiformly in the deep-sea
environments that were sampled.

The geographic distribution of central Arctie Basin glacial-
marine sediment types suggests that deposition ot ice-rafted coatse
sediment dominates sedimentation in the Alphia Cordillera region
In abyssal plain environments, deposition of ice-ratted debiis also
occurs but s partially masked by turbidite deposition

T he four types of glacial-marine sediment occur munits Ato M
and support the hy pothesis that ice-rafting has been an important
mechanism in contnoating sediment to the Alpha Cordillera uince
the late Miocene. Inaddition, the stratigraphic distribution of these
sediments supports the theory that arenaccous lutites represent
periods of increased ee-rafting. while silty lutites represent penods
of decreased ieesratting. Central Arctic Basin and non-Arctic
marginal sca glacial-marnne sediments extubit amilar alt-clas
histogram types.

Sixoantervals of increased Plestocene glacial see ratting are
detined. Correlation with penods ot continental glaciation s
possible, but correlation with manne or terrestnal sequence s
ditficult because the central Arctic Ocean remained trozen while
climatic changes more severely aftected Tower latitudes  Good
correlation with placiations detined by onygenasotope stratig-
raphy s possible for the most recent imes of increased iee-tatting

INTRODUCTION

Knowledge of the sediments and stratigraphy of the deep Arctig
Ocean s hased proimans on short cores taken duning the dntt of
we-sland -3 from 196310 1973 [ Vwasabandoned in 1974 and




because of the enormous problems inherent in working in an ice-
covered ocean, there may not be a comparable program for decades
to come. The T-3 cores may therefore remain unique.

This report is concerned with the identification of stratigraphic
units and classification of the glacial-marine sediment that is the
dominant sediment type in the central Amerasian Basin. The cores
were selected from 580 successful casts made from T-3 by Vaughn
Marshall and A. H. Lachenbruch of the U.S. Geological Survey,
Menlo Park. California (Fig. 1). The location, water depth, and
length of these cores are listed in Appendix A, The cores were
recovered from most parts of the Alpha Cordillera, the dominant
ridge of the Amerasian Basin. Canada Basin cores have a high
percentage of turbidites and a different stratigraphy (Campbell and
Clark, 1977} and are not included in this study. Cores from the
castern end of the Alpha Ridge contain a greater percentage of
clastics and have significant stratigraphic differences from the cores
of this study. The interpretation of these cores is in progress.

Details concerning the lithostratigraphy and glacial-marine
sediment described in this report represent a synthesis of several
separate projects at the University of Wisconsin. Previous work,
more closely related to details of the fauna and palevecology. has
been summarized by Clark (1975, 19774, 1977b). Joy and Clark
(1977). Lagoe (1976, 1977). Gamber and Clark (1978), and Kitchell
and Clark (1979).

[n this report. we recognize 13 lithostratigraphic units ranging
in age from late Miocene to Holocene. A textural classification of
glacial-marine sediment and maps illustrating various sediment
parameters of the modern Arctic Ocean surface are presented. The
report i1s divided into sections that include the description and
interpretation of the first lithostratigraphy of the central Arctic
Ocean and a description and interpretation of the surface sediment.
The final section illustrates the relationship of the surface and in-
core sediment, both of which are largely glacial-marine. These
sections lead to conclusions that pertain to the paleoclimatology of
the central Arctic Ocean.

PREVIOUS ATTEMPTS AT AN
ARCTIC OCEAN STRATIGRAPHY

Previous attempts to deselop a physical stratigraphy for the
central Arctic Occan have had httle success. A few correlations
based on a wvariety of sedimentary parameters have been onhy
partially successtul. For example, Fricson and others (1964) noted
a correlation between alternating hght brown and dark brown,
Foramimitera-rich lavers sampled on the Alpha Cordillera.
Hunkins and Kutschale (1967) correlated similar units between the
Wrangel Abyssal Plain and the Alpha Cordillera. but precise
correlation was not achieved. Also. Herman (1964, 1974) used
vitnations in color. texture, faunal abundance. and magneties to
correlate several -3 cores from the Alpha Cordillera. but these
tactors have not been wdentitied in other cores. Hunkins and others
(1971 summanzed previous correlation attempts and presented
svnthesis of former work

Darby (1971) determuned changes i weight pereent carbonate
versus depthan core for 1S 1-3cores Atdeast R carbonate mavima
and mimma were dentibied and carrelated inocores with g wide
geographic distnibution Clark (1971 found a correlation between
petanic Foramimdera and we-rafted erratics in 48 cores and Larson

(1975) was able to correlate several Foramimitera abundance peaks

CLARK AND OTHERS

ALASKA

Figure 1. Track of ice-island T-3 drift. All cores were taken along the
track of this drift.

in five cores over a fairly wide geographic area.

The stratigraphy described herein emphasizes the differences
between two major types of Arctic Ocean sediment: silty lutites and
arenaceous lutites. The average weight percent of sand-sized
material s considered to be the kev sedimentary characteristic.
Standard thin-section modal analysis. thin-section frequency
analvsis. plus X-ray and elemental analyvsis of the various units also
were accomplished. The 13 lithostratigraphic units deseribed have
been correlated over several hundred thousand square Kilometres
and in several hundred cores. The uniformity of very thin units over
such a large arca is remarkable in that the umits are of glacial-
mirine origin.

STRATIGRAPHY

The following stratigraphic desceriptions are a composite study
of the preserved halves of several hundred cores and  of
semiguantitative analysis of a few selected cores. Features such as
gross sediment texture. burrowing, color motthng, livering. and
erratics are easty obhserved with the unaided eve and permit visual
differentiation of the units.

The oldest stratigraphic unit described (umt A) s the oldest
normal sediment that has been penctrated in the central Amerasian
Basin (kg 2) Older (Cretaccous and Paleocene) sediment has been
deserthed but represents parts of slump blocks that rest on and are
covered by fate Cenoraie sediment (Clark, 1974)

Unit A

Unit A, the oldest in situ sediment cored in the central Aretic
Ocean. s composed of olive-brown vl lutite with tare 0 9-10 2 1
cm-thick lavers of reddish-brown arenaceous lutite thig ) The
olive-brown sty lutite s generally a mottled. hpht olnebrown o
datk olinve-hrown color Most of the cores studied i detind
terminate an this umt. and the reported thickness i extremehy
varable Ttos imdeterminable how tar umit A extends below the

o
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4 CLARK AND OTHERS

oldest sediment observed Inthe two cores that made the deepest
pentration (221 and 22490 the thickness ot unit A is 150 and 163.5
cm, respectivedy (big )

Burtows. probably - Chondries (Chamberbuin, 1975y are
commeon. Fhey generally range trom 0.5 to 2.0 mman diameter and
20 to 12 0mman length, Composite burtows (Chamberlain, 1975)
are occastonally tound (bigs 9 They are commaonly ellipucal or
round and range trom 1S to 34 cm o their longest dimension.

[ he weight pereent of the sand-sized traction ot the olive-brown
sty lutite averages 500 tor 26 cores (App. 2y Lhe detrital sand-
sized traction s n the bimessand range and o moderatehh well
sorted. Monoenvstathne quartz s the most abundant sand-sized
particle (App )

Authigeme terromanganese sand-sized particles attun their
greatest abundance inunit AL They occur in clusters associated with
burrows or are unitormly distributed. These particles comprise
between 2 10, and 4340, of the sand-sized fraction ot umit A These
dark brown to black ferromanganese particles impart a peppery of
spechled appearance to the surtice ot the cores

Arenaceous lutites are rare i umt A but have been lound i
cotes th 1 2RICED 3STORD 310 FL 300) where the average woght
percent ol the sand-stzed traction s 26,3500 The mean size ot the
detrital sand fraction s the tine-siand range and s moderateh
sorted Fortomanganese patticles are tarean the arenaceous lutites

and average only 1870 ot the sand-sized Traction

FABLE 1. DILTRIBUTHaN uF i DU ARE T ti
Stratipraphic Numbier H AV G Tl i ws Fotoant ot
unit CUratins Ut My R

M el
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In the reterence halt of core FLO2XS several very dark olive-
brown. cohesive. sy Jutite clasts occur thigs 3 These clasts e
interspersed i segments two through tive and are 1IN O to 65 < om
from the bottom of the cores The clists are as thick as 4 0 cmand
extend bevond the boundaries of the core hinee One clast s N 1
sand-szed matenal, This compares with anancrage of S 860, cand-
sized matensad tor the sutroundimg obive-brown sl lutite: The sand
s composed of 400 to SO, uthigenic fermomanganese patrticles

Thos s simikar to the masamuam vahie of 10 ferromanganese patt
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Figure 3 (A Dark hrownintractasts found inanit AL core BE 2XS segment 2 Note lasering at an angle ta the present hanzontabm the arpe Gase and
the contarted appearance of the surrounding light olive brown sedement. (B Dark brown mraclasts i amt A core B O2KS Sepment 4 Nate the
sureounding contorted, hght olive-brown sediment (O Typical light obive-brown silts lutite found munit A core T 430 cepment 4 Natedistindt burrows
and change in sediment bue tcolor mottlingy (D Fypical contact between beht to mediom alive-hrawn unt A and heht obve brownoumt B ocare b 14340,
segment & Note decrease in hurrowing and more uniform appesrance of aot B contrast with wmt v The smal) assows pomt 1o two possible composste

hurrows Saale bars represent {om
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cles in the sand-sized fraction in the surrounding olive-brown silty
lutite. Foraminifera and other fossils are not present in the sand-
sized fraction of the dark brown clasts. A very dark olive-brown
clast at 3.0to 7.0 em in segment two is laminated or banded at an
angle of 40° from the present horizontal. The adjacent olive-brown
silty lutite is unlavered. However, it does show convolutions, con-
torted burrows, and general evidence of disturbance (Fig. 3).

Clasts in FL. 285 probably are intraclasts that were locatly
derived trom sediment stratigraphically below unit A, The dark
olive-brown color of these clasts is very similar to the distinctively
colored flow-in found in cores FL. 221, FI. 222, and F1. 224, The
clasts represent evidence of slumping and or current scour and
redeposition of semiconsolidated sediment at the time that unit A
was being deposited. Erratics are rare in unit A (Table 1)

Unit B

Overlying unit A is a thin silty lutite unit characterized by a
uniform light brown color (Fig. 3). The thickness of unit B ranges
from 2.0 to 14.5 ¢cm. but the average thickness for 38 coresis 9.0 cm.

The lower contact of unit B is gradational and is placed
approximately where burrowed sediment of unit A gradually ends
and uniform unburrowed sediment begins.
indistinct. small, light olive-brown or olive-gray burrows appear.
These burrows are Chondrites but are smaller than those inunit A.
In many cases, some mottling of olive-gray or olive silty lutite with
the olive-brown silty lutite occurs.

Black to dark brown ferromanganese particles are common in

In some cores,

>
1
{

re

unit B and give the surface of the core a speckled appearance. The

ferromanganese particles average 13.9¢7 of the sand-sized fraction.

They often occur in small clusters or are associated with burrows.
The weight percent of the sand-sized fraction averages 6.06¢,

tor 24 cores (App. 2). Thedetrital sand-sized fraction is generally in

the fine-sand range and s moderately sorted. Monocryvstalline

quarty is the major constituent of the sand-sized fraction (App. 3).
Erraties are rare in thas thin unit (Table 1).

Unit ¢

Above unit B s athin but distinctive umit characterized by two
thin. reddish  olinve-brown, arenaceous lutite lavers and an
intervemng, shghtly thicker, hight olive-brown silty Jutite (Fig 4).
The thickness ot umit C ranges trom 3510 10.0 cm, but the average
thickness for 40 cores s 6 03 em Lhe thicknesses of the individual
favers range from less than 1 0 cm for mamy of the arenaceous
lutites to @ mavimum ot 70 ¢m for the nuddle sl Tutite

I he lower contact of umt € with unit Boas at bestirregular and
often is diftuse and gro ational Tos detined by a change intexture
and a corresponding change i the shade of color from hght olive-
brown lutite to a dather, reddish ohive-brown arenaceous hutite.

Unit C s the Jowermost of thiee prenunent arenaceous lutite
key lavers and in this context s referred 1o as the “lower coarse™
laver.

The medial sifty lutite resembles the underlying unit B in its
overall light brown color It has more and better developed
burrows. In many cores 1t appears to have a relatively sandy

Figure 4. (A) Compasite burrow (arrow) found in silty lutites of unit A, core F1 400, segment 2. (B) C ompanite hurrows (arrows) found in unit A, core
F1. 400, segment 4. (( ) Typical unit C and contacts with light olise-brown units Band D:core k1 283, segment 7. The contacts of the medial silty lutite layer
in unit C are marked by the small arrows. Note the small pebbie in the tap of the lower coarse Taver in unit . A1) «cale bars represent 1 cm.
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texture. The contacts of the sty lutite with the overlving and
underlving arenaccous lutites are moderately  to - extremely
gradational.

I he werght pereent of the sand-sized fraction averages 16,730
tor the tower part and 16.04¢¢ for the upper part ol unit ¢ tor 22
cores {(App. 2) The detrital sand-sized traction is gencrally in the
tinessand range and s moderately sorted. Monocinstalline quarts
v the mator constituent of the sand-sized traction (App. 3).

Ferromanganese particles are not obvious on the reference core
halves. They constitute an average ot only 2,06 of the sand-sized
traction for the lower part of unit Cand 3.29¢7 for the upper part

Frraties oceur at all levels i unit ¢ (Fable 1)

Unit D
Uit D is o relatively thick, oline-brown to light olive-brown

silty lutite (Fig. S). The thickness of this unit ranges from 20.0 to
56.0 ¢m, but the average thickness for 40 cores is 317 eme This unit

vooa
WE., e

g . ' ry @“
s iR

Is very similar in gross appearance to unit A

T'he lower contact with the arenaceous umt Cois gradational to
moderately sharp and s irregular.

Burrows similar to Chondries are very common i unit [
These burrows range from 2.0to 20.0 mmin lengthand trom 0 Sto
2.0 mm in diameter. The burrows are generally filled with sediment
that s darker than the surrounding sediment. This feature
augments the normal color mottling to produce some arcas thatine
uniformly dark olive brown.

Ferromanganese particles are common and spechle the suitace
of the reference core halves. They are distnibuted evenly over the
core surtace, are found in clusters, or torm rims on burrows. These
particles average 8.8 of the sand-sized traction

Fhe weight percent of the total sand-sized fraction averages
6310 tor 27 cores (App. 21 Detnital sand occurs in the tine-sand
range and s moder ey sorted. Monocerystalline quartzis the most
abundant sand-sizod grain tvpe (App. 3)

Iwenty-three ¢ raties occur in cores studied i detal ¢ Lable 1)

Unit E

Above umit D s thin, generally distinetive. untorm olive-gray
to light olive-brown silty Jutite (Fig. $) The thickness of unit
ranges from 1.0 to 20,0 cm tor ST eores, with the averape thickness
being 9 44 em. The charactenistic teature of this unitis the utntorm,
unburrowed nmature of the sediment. In cores where umit 1o
composed of & uniform olnve-gray to olnve silty Totite a distinetine

UnitF

UnitE

Figure S. (A) Typical olive-hrown, burrowed silty lutite of unit 1); core FI 281, segment 9. (B) Contact hetween uniform olive-gray unit b and
arenacenuy unit b core F1 221, segment 21. Note contact deformed concave downward. (€ ) Representative sample of units D, . and b core 1 283,
segment 10. Note the downward-deformed contact between units F and F and the very gradational contact hetween uniform unit b and burrowed unit D.
Corretation with (B) as shown. Scale hars represent | cm.
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layer that contrasts with the generally olive-brown sediment above
and below is formed. The upper portion of this unit. an arenaceous
lutite, often is very sandy.

The lower contact of unit E with underlving unit D is
gradational. The contact is ata level where most large and distinet
burrows and dark mottled sediment have given way to a more
uniform, light-colored sediment.

Mottling is very subtle in unit E. Burrows similarto Chondrites
are rare and are usually very small. unobstrusive, and light colored.
A long. vertical, more well defined burrow occasionally penctrates
the greater part of the thickness of this umt,

Ferromanganese particles are present in most cases but are
unobtrusive and minor and are not always easily noticed. In some
cases, however, they do give a speckled appearance to the reference
half of the core. These particles average 5.8¢7 of the sand-sized
fraction.

The weight percent of the sand-sized fraction for unit F
averages 8.65¢ for 26 cores (App. 2). The average detrital sand-
sized fraction is in the fine- to very fine-sand range and is
modcerately sorted. Monocrystalline quarts is the major sand-sized
grain (App. 3).

Thirty-three erratics occur in the cores in which unit E was
studied 1n detail (Table 1).

Unit F

Unit Fis a distinctive, reddish olive-brown to light olive-brown
arenaceous lutite (Fig. 5). The thickness of this unit which ranges
from 2.5 to 36.5 cm. averages 13.76 cm for 49 cores. The sandy
nature of this unit is readily apparent. Granules and coarse sand-
sized grains of quart/. carbonates. and rock fragments are easily
seen with the unaided eve on the surface of the reference core half.
Cohesive mud clasts are common and often are abundant. These

clasts are composed of a unilorm clay to very fine sift. Lhey are
colored dark gray to black in most cases and pink to red in some
rare instances. Occasionally they are finely banded or Jaminated
They are roughly spherical or have a polygonial outline with
rounded corners. These clasts are signiticant for the glacisl-marine
genesis of the sediment and are discussed later.

Contact with the underlving unit F is exceedingly sharp. even
under a microscope, The contact is well defined by i change in
sorting and mean grain size that corresponds to the color change
{from olive-gray to light olive-brown silty futite to reddish olive-
brown arcnaceous lutite.

Unit Fis the second of the three key arenaceous lutite horizons
In relation to the stratigraphically lower and higher key umits, this
unit is referred to as the “middle coarse™ laver. It forms an
unmistakable combination when coupled with the often distinctine
underlying unit E.

Unit F generally lacks internal bedding. lamination. or other
primary sedimentary structures. In some cases there s i color
change from light olive brown in the lower portion to reddish olne
brown in the upper part of the umt.

Sediments in unit F are commonly subthy mottled  These
mottles are a result of differning pereentages of sand or ddtening
mean grain size in the sand-sized traction and are veny vague with
ll-defined boundaries, These mottles do not resemble burrowing
but appear to be depositional or carly dugenctic features

In core F1. 396, 84 cm from the base of the core i small prece of
wood was discovered (Fig. 6). The tragment s approsimately | S

R TP £
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Figure 6. {A) Wond fragment found in unit F in core F1 196, segment 6. (B) Typical sediment in unit ;; core F1. 214, segment 9. Note burrows and
change in sediment hue from light olive-brown to dark olive-brown (color mottling). (C) Tyvpical ( anada Abyvaal Plain turbidite, core F1 61 segment 4(see
Campbell and Clark, 1977, for details). C ompare with unit F in Figure S All scale bars represent 1 cm.
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cm in length and 0.8 cm in width but is poorly preserved. Close
study of thin sections reveals that the fragment is wood, but further
identification is impossible (B, F. Kukachka, 1977, written
commun.). This was the only plant fragment recovered from any
Arctic core.

Ferromanganese particles are rare or absent in unit F. Their
average weight percent of the sand-sized fraction for three cores is
2.0%.

The weight percent of the sand-sized fraction for this unit
averages 23.00¢ for 27 cores (App. 2). The detrital sand-sized
fraction has an average mean in the fine-sand range and is poorly
sorted. Monocrystalline quartz s the most abundant sand-sized
grain (App. 3).

Erratics are common in unit F. In the cores studied, 189 erratics
were found (Table 1).

Unit G

This unit is a light olive-brown to dark olive-brown silty lutite
(Fig. 6). Unit G ranges from 29.0 1o 65.0 cm in thickness and
averages 50.84 cm for 51 cores. This unitis similar to units Aand D
in overall appearance. It differs from both of these units in that
Foraminifera tests are up to 20 times more abundant in the upper
portion of unit G than they are in any stratigraphically lower unit.
I'his large increase in Foraminifera tests is seen in 8077 to 90¢7 of the
cores. The sudden appearance of abundant planktonic Forami-
nitera 18 casily recognized with a hand leas. This increase in the
number of Foraminifera tests occurs atapproximately one-third to
two-thirds of the thickness of unit G from the fower contact with
umt F.

The lower contact of unit G with the underlying middle coarse
tuver (that s, F) is gradational.

Unit G ranges in color rom light olive brown to a very dark
olive brown. There is general trend in the sediment color from a
lighter olive brown at the bottom of the unitto a darker olive brown
toward the top. The sediment is very color mottled. Chondrites
type burrows are especially abundantin the upper two-thirds of this
unit. The burrows are generally very large  up to 3.5 mm n
diameter and 25.0 mm in length.

Ferromangancese particles are common. They rima burrow and
accentuate the burrow ovtline. These ferromanganese particles
average more than 4,007 of the sand-vized fraction. Cohesive dark-
gray mud clasts. 1.0 to 2.0 mmindiameter. are occasionally present
in this umt

The weight percent of the sand-sized fraction averages 9 85¢;
tor 26 cores (App. 2). The detrital sand-sized fraction has an
average mean value in the fine-sand range and 1s poorly sorted.
Monocrvatalline quartz s the major constituent of the sand-sized
traction (App. ) Foramimifera tests average only .51 of the
sitnd 10 the lower portion, but they constitute anaverape of R34
i the upper portion of thisanit They range from & 8¢ to 35 42¢¢ of
the sand-sized matenial of the Foramimitera-rich upper portion of
unit G tor three cores

In unit Go 133 erraties occur an the cores (Table 1)

Uit Has predommantly anareniceons Junite. [os dovided into
five subumts  tour thin areniceous lutite lavers and one thin,

interstratibicd. wilty futite Taver (Fig 7)1 These tasvers hive been

designated subunits a through e . from hottomto top. Unit H ranges
in thickness from 5.8 to 15.9cmand averages 1 32emtor 43 cores

Unit H is the third and uppermost of the three key arenaceous
lutites. In this context, it is known as the “top coarse™ laver

Frratics are common in unit H. Seventy-nine were tound in the
cores (Table 1),

Subunit Ha. This is a nniform, light olive-brown arenaccous
lutite. 1t 18 absent in cores from the Chukchi Rise and western
Alpha Cordillera areas (Fig. 8). This subunmitis discontinuous and i
very thin in many cores. It has a variable thickness that ranges from
0.4 to 6.0 cm and averages 3.07 cm for 14 cores.

The lower contact with unit G is usually sharp but otten
irregular. The contact is clearly defined by an upward change trom
usually dark brown silty lotite to hght reddish ohive-brown
arenaceous lutite.

Ferromanganese particles are rare in subumt Ha and averagpe
1.8¢ of the sand-sized traction. No burrows or motthing were
noted.

The weight percent of the sand-sized fraction has an average
mean value in the fine-sand range and s moderatels sorted
Monocrystalline quartz s by tar the most abundant detrital grain
type (App. 3).

Subunit Hb. This 5 a dark gray to reddish olive-brown
arenaceous tutite characterized by an overall dark gray color. This
subunit ranges in thickness from FOto 4.3 cemand averages 2.75cm
for 20 cores.

The contact with subunit Ha s commonly sharp and irregular
In a few cores it s gradational. The boundary is usuatly sharply
defined by a change in color and texture from a light reddish olive-
brown arenaceous lutite below to a very coirse, grayish arenaccous
lutite atbove.

Ferromanganese particles are rare in this subunit and average
only 3.6 of the sand-sized fraction. Burrows are absent

The weight percent of the sand-sized fraction averages 33627
for 14 cores (App. 2). This value isthe highestaverage percent sand-
sized fraction of any of the other units in the study section 1 he
detrital sand-sized fraction has an average mean value in the hine-
sand range and is moderately sorted. Monocenstalline quartz s the
major constituent of the sand-sized traction (App 4

Subunit He. This 1s a light reddish olive-brown arenaceous
futite that is tairly uniform an overall appearance The thichness of
subunit He ranges trom 0.7 to 707 emoand averapes 3 36 om tor 22
COres

The lower contact with subunit Hb canges trom gradational and
imdistinet to sharp and regular. This contact s detined by the
change trom gravish, verny sandy and coarse arenaceous Jutite
helow in subunit Hb to reddish. less sandy and coarse arenaceous
tutite above in subunit He

Ferromanganese partides are tioe m this subumt and average
only VO, of the sand-sized traction Burrows are tare

[he waght percent of the sand-sized frction averages 20 707,
tor 22 cores (App 2 The detrnal sand sized traction has an
average mean value in the finesand range and s poorly sorted
Monocrystalline quaitz s the most ahundant sond-szed eram
(App Y

Subunit Hd. This ohive-brown otten umiform sty futite s the
onlsy st utite subumt i the generally arenaceous umit B Itnanges
i thickness lrom 00 1 to VS crnand wvetages 2 0 cm for 23 coges

[he Tower contact with subunit Heosvery vagie, ditfuse. and

eradational inomost cases Thic contact s Bargel detined by g
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Figure 7. (A} | nit H, arenaceous lutite from core Fl 283, segments 14 and 15, Subunit Ha is missing in this core. Note concasy e-downward deformation
of contacts. Contact between subunits He and Hd is gradational. Sediment below subunit Hb is unit G. (B) Unit H from core F1 409, segment 7. Subunit Ha
is present in this core. A small portion of unit G can be seen at the bottom of the photograph. Again. most contacts are deformed, and the contact between
subunits He and Hd is poords defined. () Unit H from core B 30K segment 8. Subunit Hais present: only its upper portion is show n. Most contacts are
deformed. Correlation with (X} and (B) is as shown. Correlation lines drawn to deformed contacts. A scale bars represent 1em.

figure % Map showing the distribution of subunit Ha Closed virdhes
represent cores with subumt Ha missing: open arcles represent cores with
subumt Ha present Water depthan metres
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[he lower contact s defined by a change i color and testure
from olive-brown silty  Jutite below  to geddish olive-brown
arenaceous lutite above. The contict is usually sharp butinrepuba

Ferromanganese particles are rare in this suburmit and compose
an average of L1970 ot the sand-sized fraction Buttows are tate

The average weight percent of the sand-sized traction s 26 03,
for 24 cores (App. 2). The average detrital sand-sized traction
the fine-sand range and v moderately sorted. Fhe most commuon
sand-sized grain s monocrystathne quartz (App 3

The stratigraphy of the umits and some of the important
sedimentary parameters of cach umt are summanized in Figure 9

Unit 1

Unit 1 as a sty lutite but contans o thin, arenaceous latite
subunit. At the base s an unmottled, obve silty Tutite that prades
upward into an intensnely mottled. dark vellowish-brown wiin
lutite. The base s overkand by i thin (2- to d-cm). moderateh
mottled. ohve-brown arenaccous lutite. Above this muddle part s
an unmottled to moderately mottled. seHowish-gray silty lutte thast
grades upward into anontensinvels mottled. dark sellowish-brown
silty lutite.

The thickness of unit Franges from 2010 STem. with the average
thickness being 33 cnu The base 1s marked by asharp contiuct with
the reddish olive-brown arenaccous lutite (umt H. big 1y

Vanations in pereent coarse grams are plotted against depthan
core for five “"type”™ cores. and in Figure T a major peak near the
center of the unit is associated with the thin arenaceous tutite The
middle of unit LMD has ananverage of 2200 coarse grimns (App 2y
These plots appear to be very important for units [ to M

Virtually atl of the motthng s the result of bioturbation Most
of the burrows are Chondries The burrows range trom 0 S 1o ?
mm in width and are up to 30 mmon length Rind burrows and
composite burrows (Chamberlinin, 1975) also occur i this umit b
are rare. The mostimtensive burrowmg s restricted to the sity lunite
rones. Ferromanganese particles im some burrows but generally
comprise less than 700 of the sand-sized maternial

The mator arenaceous constituents are quartz-teldspar grams
(~65¢) and hithitied rock fragments (<179 (App 1) Most ol the
grains o tragments are anguline to subangular and appe o to be
poorly sorted

Some 250 erratios oceur an unt T eotes (Fable D

Unit J

At the base of unit s thin ol to d-on coanse, pink wiote
laver designated PWIE Thic Taver has o chatactenstic weak ed
(TOYR S 3plower zone (0 Sto 2amioverhun by agwhite ¢lOY R 8 )
uppet zone (S to 2 cm o Inopencral toas unburtoswed and
associted with the prominent coarse pereentape peak (b 1)
Unn b contims many angular clasts the larpest of whichas S

Fhe PWT Liver s overlad by g anmottled to moderatels
mottled. pale vellowich-hrown altv futite that erades anta an
arenacerus lutte The contact usaallv s pradational and distorted
Small (1- to omm pink whate clasts occasionallv occur near the

top of the unit

Figure 9. Lithostratigraphic units A to M oin central Arctn Ocean
Sedimentary parameters include percentages of quartz-feldspar and (otal
detrital graine. T to H indicates low to high abundance Deseriptions
indicated. Sumbers in “detrital grains” column refer 1o curbonute mavima
peaks of Darhy (1975),
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The thickness of unit J ranges from 1 to 38 em.and the average
thickness is 16 em. This unitis an important key bed in the section
(Fag 1)

I'he pereent couarse distribution is characterized by two peaks
(units 11, JU App. 2). The lower peak is associated with the pink-
white laver, and the upper peak represents the overlying silty to
arenaceous lutite (Fig. 1),

Most of the mottling is due to Chondrites-type burrowing
organisms. The burrows are similar to those described inunit Land
are outhned by small black. ferromanganese particles.

Hottman (1972) gave a detailed description of the pink-white
layvers. He determined that the pink-white fuvers were rich in clastic
carbonate and had lower proportions of iron and manganese oxide
than the surrounding sediment. Petrographic study supports these
results. The major sand-sized constituents are quartz-feldspar
grains (~3577), detrital carbonate (~37¢7). and lithified rock
tragments (-1007) (App. 3). Most of the grains are subangular to
angular and are poorly sorted.

Some 135 erraties were recovered from the cores.
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Unit K

Unit K is a mottled. dark yellowish-brown to dark grasvish-
brown, Foraminifera-rich silty lutite (Fig. 13). The thickness of unit
K ranges from 14 to 53 em. and the average thickness is 33em 1 he
Brunhes-Matuyama magnetic boundary occurs in this unit

The bottom contact 1s marked by a change from a light
silty arenaceous lutite to dark silty lutite over a 2- to S-emnterval

Foraminifera, wpically  Globoguadrinag  pacinderma,  arce
extremely abudant and can be casily observed in the upper two-
thirds of the umit.

In general, unit K has a lower percent coarse distritbution than
the units immediately below (unit 1) and above (umt Ly (g 1D
The distribution averages 156 (App. 2).

This unit is intensively burrowed. Chondrites and honizontally
stacked burrows similar to those in unit J are most abundam
Zoophycos oceur in this unit. These burrows are backfilled. have a
horizontal orientation, and are approximately 6 mm in width and
up to 30 mm inlength (width of core). Rind burrows and composte

.l

AT, i

Figure 10. Tvpicat lithologs of unit [ (A) U nit H o § contactin FI 3184, segment 14, Base of Lis darker rone of unburrawed olive silty hntite that grades
upward into 8 mottled. dark sellowish-hrown silty Jutite. (B) Middle and upper part of unit | from Fl 184, segment 16. Middie part is only moderatels
hurrowed. hut it grades inta the upper part of unit 1. which is intensisely burrowed. and a darker vellanish-hrown silty Jutite. Scale bars are 1 em

Adnilass
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Figure 11. Correlation by lithostratigraphic units 1 to M of the percent coarse distribution (63 um) between five cores. Each unit has a characteristic

percent coarse distribution.

burrows (Chamberlain, 1975) occasionally occur but usually are
rare  Small terromanganese  particles are evenly distributed
throughout most of the unit and compose 7.7¢ by weight of the
sediment ain hive cores

Quarts-teldspar grnns (5490 detrital carbonate (~15¢). and
bthic fragments € -13¢7 ) are the major sand-sized particles inumt K
tApp 1. Many of the grauns are subangular to angular: the grains
are poorly sorted

fn umt K. 204 erratics were found in the cores (Table 1)

Unit I

This unmit s an arenaceous lutite with an upper sitty lutite zone
The thickness of umt 1 ranges from 4 to 130 ¢cm, with the average
thickness being 3% em

The base of the unit s marked by a sharp contisct between the
dark, mottled sty tutite of umit K oand o thin (1- to 3-cmy
unmottled. ohve to hght vellowish-hrown silts lutite (big 1)

FThe percent coarse plots for unit T ousually exhibit one major,
continuous peak  The peak s casiv dishingimshed in those cores
that have a thick arenaceous lutite zone with erratics distnbuted
cvenhy throughout (g 1

C hondrites and small nind burrows (ChamberLain, 1975) occur
occasionally an the sty Jutites of thisumt Inaddition. many farge
burrows tilled with dark. Foramimdera-nich <oty lutite or ight alny
lutite interenxed with small pink -white clasts are commonan this

rone. {he large burrows range from 3 to 1S mman width and teach
50 mm an length. The number of burrows and the burrowing
Intensity seem toinerease toward the top of the umt A distortion ot
the upper contact is due to this imtensise burrowimg aetivity in maost
cores. Ferromanganese particles average less than 49, i this unt

The major sand-sized modes are quartz-teldspar grams ¢ 660,
and lithic tragments G170 (App. W Uit T continns the highest
proportion of quartz-feldspar gratns of any Arctic ithologic unit
studied

Some 203 erraties were found in the cores (Tabie 1)

tnit M

The bottom ot umit M. the uppermaost hithologic umt an the
central Arctie s marked by athin (0 5- 10 2-cmy coatse pink whie
laver designated PW2 (big 14 The PWDY Laver. descntbed by
Hottmann (19723 8 similar to the PWT laver found ipumit 1 In
most of the cores. PW2 0 distorted and s cammaonty intermined
with the sutrounding darker sediment throupgh animtenval ot 2o 1S
vm  Above the PWY faver o o mottied. foramimifera nich
vellowish-hrown to brown wilty Jutite that goades mto nterlamin
ated lipht and dark silty Junites The sty Tanites are overlan by an
nntottled ohve to olive-gray arenasceous Jutite: The top of the unnt
ismarked by athin g T-to Lemy white Eiverdesgnated W Uswhich
nooverlind by oo Foramimdera nch, dark sellowish hrown ainy
tutite In many of the cores the upperseveral centimeties of secthion
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are mnste owatye Lo loss ot sample dutimg the conng opetation
Foramimtera tvpwalls Globoguadrma pacnyderma, ate pronu-
nent i the dark sdty futites of this umt Fine lamimations 1 mm
thick are the only primnany sedimentany structares observed mounit
M

1 he tnchness ot umt M oranges trom 2to 82 cocand the average
thichness w27 em (g 1

Ihe percent coarse gram distnibution tor this umitisvaniable In
goencral there are two mngor peakstumts MECMUCApp 2 Glowes
poak associated with the PW 2 hiver and anupper peak representing
the olive to obve-grasy arenaccous lutite (b 120 A nnddle peak
tumit ML App D averages only o 99 coanse

The burrow types i this unit are simalar to those deseribed in
umt 1 oand are gencrathy contined to the lower third ot the unit
Burtowing s concentrated in PW 2 and i the overlung ity hunite

Fhe PW 2 and W Linvers continn gquattz-feldspar graims ¢ 404, ).
derarad carbonate ¢ 20 and Foranumtera tests ¢ 1570 as the
promany sand-sized constituents The caomposition of these Livers s
st lar to the PW L Liver of umt bobertomanganese patticles wie
rare (220,

Ihe arenaceous lutite has quartz-tetdspar grains ¢ S8y,
detnital carbonate ¢ 18000 and bthie tragments ¢ 10y an the
Ihis sedimient s

predominant sand-sized constituents (App 3y

UNIT L

FL 409-19

Figure 12t A Mustration of poorly sorted. we-rafied sediment contammng abundant ereatics Core segment s approssmstels Fa coan dength LT

stmilar i composttion to the arenaccous lutites i units b and Tand
the arenaccous futites ot umits CoF o and H

it Moas relatively thick s and 342 crratics were recoverad teon,
the cotes (Tabie 1)

DISTRIBUTION AND REGIONAT TRENDS OF
STRATIGRAPHIC UNLIS

The thichnesses of the mdavadoal units and the combaed
thichnesses of selected umts were plotted thips 151027 The plot
of thicknesses of umst Boonnddle coarser shows o dstindt pattenn
This umit thickens dramatically from o nunanum of 2 Som oat the
top ot the Alpha Cordilliera to g nuamum of 36 Sorat the base of
the Chuhchr Platcan (Fag 159 Ut Hottop coarsey shows aomuh
less obvious trend toward thickemmy from shallowes 1o deepor
depths (big 160 Unn ©
sirmficant trends an thickness (b 17

(hottom voarsed lails to <how

Ihe thicknesses ot the ity Tutte mtervals hetween the aronacce
ous Jutite units show no geographic patterns cbg I Far The plot
of the total thickness of the section fromunit C throuyh unit Hoadse
Lials to show any strong trend or pattesn tbag 200 The thinnes
valuesare tound fugh onthe Atpha Cordillera, but this distribution

UNIT J

FL- 270-19-4

'\PW 1

FL 318—-15

Fnbargement of the center parhion of Figure AL Note the coarse texture. poot sorting, and abundant ceratics. This segment s typienl of sedunentinuni |

(1 This segment contams several erratics tunt 1 The barge ceraticm the center of the segment i 27 mmom dismeter Severat small ik white diests oo
mthe PW L laver (00 Course fractinn e 64 myofsegment 270 19 4 Nate the poor sorting and generalangubanity of coarse gruoms The facefed coratie near

the bottom of the phoataos 9 mmon diameter Bar oo 1 om
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probibly retlects the thickness pattern ot unit b

Examimation of Fagure 21 reveads a trend ot gradual thinming
toward the southern tlank ot the Alpha Cordillera tor unit |

Noooverall trends can he determined for umit T (b 22
However, the PWI Liver s thickest (2 to 4 cm) and displavs a
distinct pink-white coloration in cores from the Chukchr Rise 1t
tends to thin and become less pink toward the Alpha Cordillera,
where st s pnmaniy g moderately burrowed. thin wisp of white
sediment

Uit K s thickest in cores trom the Chukehn Rise and the
southeast tlank of the Alpha Corditlera tbig 239 Jts thinnest in
cores trom the southwest tlank and crest ot the Alpha Cordillera

The overall trend tor umit 1os o pronounced imcreiase i
thichkness toward the crest and southeast tlank ot the Alpha
Cordillera thie 24 caused by an expansion of the light arenaceous
lutite zone The marked increase in the southeast flank area s a
tesult of g docal change in hithology A moderately thick (8- 1o 30
cmyerratic-hitled, dark obve-pray arenaceous futite occurs abhove
the hght arenaceous lutite zone n the lower portion ot anit 1 This
change n ithology occursan cores BIO39S 396 395 30K 410, 4113
and 417

A detimte trend in umit Moas shownan baigure 29 There s large
increase in thickness toward the Alpha Cordillera In general this
increase appears to he uniform throughout the entire umit

Unit M exhibits some of the greatest vanations in thickness
between cores only in g short fateral distance apart Ttis important
to note that tor both expanded and condensed sections cach of the

Figure 13 Typical lithology of unit K. (A)
Dark yellowish-brown to dark gravish-brown silty
lutite with some arenaceous material of lower and
middle parts of unit K. F1. 384, segment 19,
Intense burrowing characterizes all parts of unit
K. (B) Upper lighter portion of unit K and k to |
contact in FL 384, segment 20. Notice relatively 3
sharp contact of dark, burrowed unit K below and

unhurrowed. olive to light vellowish-brown silty 3
lutite (unit 1) above. Scale bars are 1 cm.
.
4
)
3

FL 216-18

FL 271- 24

Figure 14. A comparison of unit M intwo cores collected more than 200
km apart. Note the correlation of laminae in these segments Core segment
is 1I8eminlength (1) PW 2 laver: (Drbrown, Foramimfera-sich sty lutite
grading into an interlaminated light and dark bhrown. P oraminifers rich
silts butite: (1) gras to olise-gravy arenaceous lutite. and (4) dark seflowich
brown. Foraminifera-nich sty Jutite, overlam by the W taver




80*
L2000 3000
\"’o
o,
o
CHUKCHI i
3
R 8.\
ISE ?0033
o 37
3
\ CANADA ABYSSAL PLAIN 14 1003
b |'53n ;I
% X

o o

\ CANADA ABYSSAL PLAIN 50 499045
N 56
2, X «
WO o
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Figure 17 Thickness of unit C in centimetres. AN fractional values are
rounded to the nearest integer. Water depths in metres.

Figure 18. Distribution of the combined thicknesses of units D and F in
centimetres. All fractional values are rounded to the nearest integer. There
is a cluster of tow values occurring in the group of cores near the Chukchi
Plateau. Water depth in metres.
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Figure 21. Distribution of the thickness of unit I in centimetres. Water
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Figure 24. Distribution of the thickness of unit L. in centimetres. Water
depth in metres.
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Figure 22. Distribution of the thickness of unit J in centimetres. Water
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Figure 25. Distribution of the thickness of unit M in centimetres. Water
depth in metres.
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Figure 23. Distribution of the thickness of unit K in centimetres. W ater
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Figure 26. Distribution of the thickness for units 1.1, and k comhined.
Thicknesses are in centimetres. These units are primarily silty lutites. Water
depth in metres
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Figure 27. Distribution of the thickness for units 1. and M combined.
Thicknesses are in centimetres. These units are primarily arenaceous lutites.
Water depth in metres.

subunits of unit M is present. [tis possible to correlate 1-to 2-mm
laminae with thicker. equivalent counterparts in a nearby
expanded section. as shown in Figure 14, These local variations in

thickness do not appear to be a tfunction of bathymetry and are
probably due to variations in the sedimentation rate.

The top of unit M is commonly marked by an olive-gray
arenaceous lutite overlain by the W3 layer. However, several cores
exhibit up to 5 c¢m of sediment overlying the W3 laver. This
sediment can be characterized as a dark yellowish-brown silty
lutite. The absence of this zone in a majority of cores probably isa
result of truncation by the coring device during the coring
operation. It is estimated that 3 to S cm of sediment was lost from
the top of the section.

The distribution of thicknesses for units . I, and K is shown in
Figure 26. The sum of thicknesses tor units 1. and M is plotted in
Figure 27. Units J and K generally seem to be thicker in cores trom
the Chukchi Rise. Units I I, and M tend to thicken toward the
crest of the Alpha Cordillera. All of the units are thicker in cores
from the southeastern flank of the Alpha Cordillera.

UNCONFORMITIES

Only a few of the several hundred cores that have been studied
have unconformities. Four of these are shown in Figure 28 Cores
with unconformities are restricted to the extreme southwestern
flank of the Alpha Cordillera and the northeastern flank ot the
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Figure 28. Lithologic and chronologic distribution of unconformities in the upper part of the section. Dark horizontallines indicate the unconformities.
Letters in parentheses are units missing from the section. Question marks indicate that only part of the unit is missing. The unconformity in core F1. 218 and
the unconformity near the top of core FL. 268 have similar times of occurrence.
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Chukchi Rise. The estimated date of occurrence (based on
magnetic signature) for the unconfornmty in core FL 218 i 0.29
m.y. Two unconformities exist in F1. 268, The upper unconformits
occurred approximately 0.30 m.v. ago and may represent the same
event as the one at the top of FL 218, The lower unconformity in
core FL. 268 shows a break where unit F is overlain by sediment of
unit J. The precise nature of this unconformity is ditficult to
determine. The unconformity in core FL 278 is believed 1o have
occurred in the Holocene. No sediment has accumulated above the
unconformity. An alternate hypothesis is that this could be a result
of the coring operation.

A lack of widespread unconformities implies that bottom
sediments contain a continuous. complete record ol depositional
events for the Arctic. Extreme vanations in unit thickness are
probably not the result of uncontormities but of local changes in
the sedimentation rate.

CHRONOSTRATIGRAPHY
Introduction

Core b1 224 has what appears to bhe complete magnetic
stgnatures that indicate the oldest sediment of any of the Arctic
cores (R 29y However. o major problem in working with
sediment cores from the Arctic Ocean has been the lack of
independent evidence to aid in correctly interpreting the
palcomagnetics (Darby. 1975), Because of low species diversity in
the Arcue Ocean. a biostratigraphic framework for the late
Cenozore has not been deseloped. Thus, interpretations of the
palcomagnetics below  the unmistakable  Brunhes-Matuvama
reversal are subjectne. Subjectivity has increased with preater
depth ot core penetration.

Farly attempts at Arctic paleomagnetic interpretations include
Steuerwald and others (1968) and Clark (1969) for F1. 224 Clark
(1970) reinterpreted the paleomagnetic for F1 224 and B 221 and
concluded that the oldest sediment above flow-in was deposited
durning the Gauss Normal Fpoch (- 332 moav) Thisinterpretation
is refined in the present study  Interpretations in this paper were
augmented by the  study and  nterpretation ol - phasical
sedimentologic data not previoushy invatlable.

Magnetic Stratigraphy

I he Brunhes-Matuvama magnetic reversal occurs ina majonty
of the Arctic cores in stratigraphic umt K (Fig. 30 Determimation
of the Jaramillo subchronozone s more subjective hecause ot it
short duration (~60.000 v, the refativedy Targe samphing interval (S
cmt. and the inconsistency of the magnetic data (the gradational
rones in some corest. However, a relatively consistent normal
polanty signal occurs near the bottom of anit 1o and this wanter-
preted to represent the Jaramillo

In addition to the Brunhes-Matuvama reversal. which i well
documented in o majonty ot the Arctic cores 1inounit K. the
Matusama-Gauss reversal s a rehable horizon. The magnetic
signature interpreted as the Matuvama-Gauss reversal s found
consistentls in unit D oapprosvimatels midwasy between umits Fand
C.n all cores that penctrate through the section (hig 29y This
reversal s generalls sers sharp and i this respect s as good a
reference datum as the sounges Brunhes-Matuvama boundarny

Classithication of older parte of the cores s more difticutt

Age of Stratigraphic Units

Introduction. Two approaches were used in determinming the
approximate age of each of the stratigraphic units (1) use of
selected sedimentary parameters and (2) use of sedimentation rates
based on interpretations of palecomagnetic stratigraphy. | he
sedimentary parameters were studied for o tirst-order approst-
mation of “fast™ or “slow™ rutes of deposition
stratigraphy yielded more quanitann e data tor caleulating rates of
sedimentation and approximating the age ot units. but the data
derived from (1) guided the selection of the several interpretations
possible for (2).

Sedimentary Parameters Considered. (1) Figurce Y illustrates the
vertical variation in ferromanganese-particle abundance i the
units and demonstrates thatitis greatest i silts jutites and lowestin
the arenaceous lutites. s the author's view that this sugpests a
major difference between these two sediment types in processes ol
depositon. It is suggestzd that an abundance ot ferromanganese

Magnetic

particles indicates low sedimentation rates (Moore, 1973 Wathiny
and Kennett. 1977). The posability that the ferromanganese
particles grew in the sediment below the sediment-water intertace is
discounted because if this were the case. the particles should be
evenly distributed in all the units rather than being concentrated as
they are in a few of the units, (2) The percentage of Foraminifera
tests approaches zeroin the fower (siltyv) portions of the section but
shows a rapid increase inunit G and igher (arenaceous partis) (b ig
9). The lack of Foraminifera tests lower tn the section could be
explained by post depositional solution due to corrosne bottom
water or low sedimentation rates, low productivitn. masking ol
abundance by high sedimentation rates. or a4 combination ot
factors. (3 The pereentage of sand-sized matenal and erraticos
increases in the upper part of the cores studied (g 9. Table 1)
Monst of the stratigraphic thichness of arenaccous lutite s found i
the upper one-third to one-halt of the cores. It v probable tha
greater percentages of sand represent refatinely highet rates ot
deposition. The sharp. lower contacts of units Hand Falva suggest
rapid deposttion of these arenaceous anits. (41 Most ot the pebbles
occurring in Iy lotte have ferromanganese coatimgs in contrast to
the rare occurrence ot ferromanganese patticles morenaccoun
lutites The extensve ferromanganese coatings on erraties in silty
tutites support the hvpothesis that sty tutites represent o
sedimentation rates. H thivas the case. the scaraity of coated pebbles
0 arenaccous lutites suprotts the theory that sedimentation rates
were relatnvely high when the arenaceous lutites were bemg
deposited
material could coat the exposed portions (5 Burrowing w more
14.5.60.94
atactor that may indicate low sedimentanon rates tHowand, 19758

The erraties were buned faster than ferromanganese
intensive sty futites than i arenaceous hattes (-

A piot of burtow fregueney versus depth chows pood conrelishon
between increased bioturbation and sty lunites (b 9 A Tack of
91 s probablv

conseguence of depoaition rates that weee hivher than the abihity of

burrows n arcnaccous Jutites (hips 408,

burrowing orgamsms to min the sediment (Howard, 19°5)

Concluvonc The portions of the cores helow anit € canst
mostiy ol sty Tutates and g few thin aronae ous Tatites Tadenee
suggests that arenaccous Tutires represent he b sedimentation rates
whercas the pauaty ot sand-sized matens] an the sl Tuntes
indiciates Tow sedimentation nates Thisassumption sosuppornted by
an abundance of ferromanganese patticles Tow amoeats of
Foramimdera and corfics extenane feitomanpanese coatimyes on
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Figure 30. Lithologic correlation of I to M between five cores. End member cores (228, 435) are greater than 600 km apart. Note the occurrence of the

Brunhes-Matuyama boundary in unit K.

larger pebbles, and more extensive burrowing in the silty lutites.
These factors are considered good cvidence of the low
sedimentation rate for all sifty lutites. including those of units A, B,
and D in the part of the cores with poorest magnetic control
Magnetic Stratigraphy Interpretations. Semiguantitative sedi-
mentation rates can be calculated tfrom interpretations based on
major paleomagnetic epoch boundaries. The Brunhes-Matuyama
boundary can be identified in the lower-middle part of stratigraphic
unit K. This major polarity reversal was recognized in the majonty
of the Arctic cores. The boundary between the Brunhes and
Matuvama commonly is marked at 0.7 m.yv. Dates lor this
boundary in the literature range from 0.69 1o 0.73 m.y. This
boundary is the most distinctive and widespread palcomagnetic
signature recognized in the Arctic cores (Figs. 2, 30: Clark, 1970).
Typically. the change from normal to reversed polanty s
gradational overa 15-to 40-cminterval for the Brunhes-Matuvama
boundary. A comparison of the lithologic details of the part of unit
K in cores in which a sharp. distinctive Brunhes-Matuyama
boundary occurs, with other cores in which a gradational magnetic
signature was recorded. was helptul. The part of unit K in whicha
sharp. well-defined magnetic reversal s present correlates with
thin. light-colored 7one of coarser sedimentinthe cores forwhicha
gradational magnetic change is recorded. The uppermost or first
reversed reading also correlated with the same hght-colored.
coarser sediment of unit K. Thus, by selecting the first reversed
polarity signature in the gradational interval, a consistent method

TAKLY 2. SEDIMENTATION RATES FOR SELECTED INTERVALS IN
THF SKEDIMENT CORES

Raspe in
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ot identification of the Brunhes-Matuvama boundary inall of the
cores was accomplished

Sedimentation  rates for the Brunhes Fpoch were then
calewlated on the basis of this paleomapnetic-lithologic correlation
Rates ranged from 0.5510 2 92 mm 1000 ve (Lable Zrvand averaped
132 mm 1.000 vt tor the cores sudied

The Jaramillo subchronozone s also recogmized anat least halt
of the cores. The Laramillo occursim the lowes portion ofumt Fand
the upper portion of unit b Tocheck the valuday of thisoccarience,
ages tor the Laranillo were calculated based on the sedimentation
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rate for the Brunhes in cach core. The calculated ages for the
Jaramillo bracket the actual age (0.89 to 0.95 m.y.) consistently.
This supports the idea that sedimentation rates changed very little
in the upper part of the Matuyama.

Ages of unit boundaries were caleulated by extrapolation of the
Brunhes sedimentation rate into older parts of the cores. Because
the Brunhes-Matuyama boundary is the most reliable magnetic
signature in the upper parts of the cores (lithologic units T'to M), it
was used as the base line for age determination of depositional units
(Table 3). Farther from the Brunhes-Matuyama boundary in the

cores, the calculated ages are less accurate. For example, the base of

unit I, on the calculated sedimentation rate, ranges from 0.94 to

TABLE 3. CHRONOLOGY OF UPPER UNITS

Age iInterval Error
Unit (m.y.) (m.y.)*
M 0.000 to 0.264 + 0,037
L 0.264 to 0.558 + 0.060
K 0.558 to 0.822 + 0.083
1 0.822 to 0.946 +0.093
1 0.946 to 1.200 + 0,105

*Estimated error calculated by
subtracting the average age from the
age calculated using the average unit
thickness

3.02 m.y. in different cores. In many of the cores in which unit 1
occurs, 4 tentative  Matuyama-Gauss  boundary  has  heen
recognized. The actual age of the Matusama-Gauss boundary is
2.43 10 2.48 m.y Because this magnetic boundary occurs inunit D,
~100 ¢m below the base of unit L it is apparent that several of the
calculated ages for the base of unit Lare spurious. The problem can
be explained on the basis of the sedimentary makeup ol the units,

About 70¢¢ of the 100-cm section (below unit 1) is siliy lutite.
Silty lutites represent low sedimentation rates. The sediments
deposited during the Brunhes are predominantly arenaceous lutites
and represent higher sedimentation rates. Therefore. the caleulated
Brunhes sedimentation rate most hkelv s greater than the actual
sedimentation rate for the section of predominantly silty lutite
above and below unit | (units A, B DOFL G LKL and part of M)

It 1t is assumed that the sedimentation rate based on the
Brunhes-Matuvama reversal represents a masimum figure, the
minimum time needed 1o deposit 100 em of sediment 18 0.8% my
Subtracting the minimum tume of deposition tor the actual age ot
the Matuvama-Gauss boundary (2,43 m.y.) gives a masimum
possible age of 1.55 m.y. for the base of unu |

Re-examination of the thickness data reveals the reason for the
spurious dates. Figure 31 shows distribution of sedimentation
rates. Comparison of this with the thickness trend of units I and M
(Fig. 27) indicates a close similarity. Cores with condensed | and M
units have extremely low sedimentation rates. Because the total
anit  thickness  of the Matuvama v relatively  constang,

A\

Sed. Rate

Figure 31. The geographic distribution of calculated sedimentation rates for units | to M for cores with interpretable magnetics. Sedimentation rates are
in milimetres/ 1,000 yr. Note similarity of distribution pattern with Figure 27.
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extrapolation of the resultant low sedimentation rates results in
inflated ages for the lower units. About 35% of the cores have
calculated dates greater then 1.5 m.y. for the bottom contact of unit
1. All of these cores have condensed 1. and M units,

The average sedimentation rate and age for each unit were
recalculated after elimination of cores in which calculated ages for
the base of unit 1 were greater than 1.5 m.y. The average
sedimentation rate that results is 1.14 mm: 1,000 vr. Table 3 lists the
ages for units | to M. The relationship of calculated ages to
lithology for the upper parts of the cores and the apparent
sedimentation rate are illustrated in Figure 32.

The next most reliable magnetic signature 15 in the middle of
unit D. In order to check on the identification of this signature,
assumed to be the Matuvama-Gauss boundary. the sedimentation
rates were extrapolated downward. The calculated age of the base
of unit H averages 117 m.y. * 100.000 vr with a 95¢; degree of
confidence and a range in values from 0.92 m.yv. to 1.37 m.yv. Using
1.17 m.v. as the age for the base of umt H, the sedimentation rate
was calculated from the base of unit H to the assumed Matuvama-
Gauss boundary in unit D for 25 cores. Using this sedimentation
rate for each core and interpolating from the base of unit H. the
base of unit F was calculated to average 1.92 m.yv. ¢ 30,000 vr with a
95¢; degree of confidence and a range tn values from 1.85 m.y. 1o
219 m.y.

The calculated sedimentation rate for the interval from the base
of unit H to the assumed Matuvama-Gauss reversal is ~0.5
mm 1.000 vr. This includes units D E. F.and G, which are
predominantly silty lutite. This s an extremely  important
calculation because it contrasts with the higher sedimentation rate
of the predominantly arcnaccous lutites higher in the section (units
H to M), The contrast convinces us that salty lutites represent lower
sedimentation rates and that arenaccous lutites resulted from
higher sedimentation rates  an idea developed separately on
sedimentologic grounds.

A value of 0.5 mm 1,000 vr for silty tutites is important because
four-fifths of the sediment in the lower part of the section (units D).
E. F, and G) is silty Jutite. Using this calculated value (0.5
mm 1,000 yr). the less distinctive magnetic signatures for the Gauss
and Gilbert Fpochs (which include nearly all silty tutites) can he
verified (Figs. 2, 29).

An alternate interpretation of the palcomagnetics is that all of
the interval below the Matuvama chron represents the Gauss and
that the polarity reversal of unit ), believed to be the Matuyama-
Gauss. is of Kaena and or Mammoth age. At0.5mm 1,000 yr. the
expected thicknesses are 44.5 cm for the Gauss and 89.0 cm for the
Gilbert. These values are exceedingly close to the average measured
values of 46 9 cm for the probable Gauss in 25 cores and 83.1 cm for
the probable Gilbert in 7 cores. If the reversed interval of unit D
were Kaena and or Mammoth, sedimentation rates of at Jeast 3.2
mm 1,000 vr would be necessary to achieve sufficient thicknesses
This value for sedimentation rates seems unlikely in view of the
conclusions concerning tow sedimentation rates for sty lutites,
[he average sedimentation rate tor the Brunhes (including

arcnaceous umts) s L4 mm 1.000 vr (Table 2)
1.000 v seems a more reasonable sedimenta-

abundant
Theretore. 0 S mm

tion rate tor the lower ity lutite portion of the section than 32
mm 1000 vr. which v a greater sedimentation rate then that found
in the generally arenaceous Brunhes chron.

The sum of the evidence stonglyv implies low sedimentation rates
for the lower stratigraphic units in the Arctic Ocean in general and

specifically for silty lutites. Low sedimentation rates for the lowes
portion of the cores suggest adoption of the paleomagnetic
interpretation -hown (Fig. 29).

Average calculated sedimentation rates for various intervals
consistent with the interpretation shown in Figure 29 are hsted in
Table 2. The range of sedimentation rates calculated for the
Brunhes is in line with previously reported. nonturbidite
sedimentation rates in the Arctic Ocean (Hunkins and Kutschale.
1967: Ku and Broecker. 1967: Ku and Opdyvhe. 196K; Stcuerwald
and others, 1968 Clark, 1970: Hunkins and others. '971). Juis clear
from Table 2 that sedimentation rates have fluctuated during the
late Cenozoic in the Arctic Ocean.

The paleomagnetic signature suggesting the age of 3.32 or 3 40
m.y. far the Gauss-Gilbert boundary was tested with a further
extrapolation of sedimentation rates. The interval in the cores
designated unit A includes the assumed Gauss-Ghlbert boundary
In addition. a few cores have signatures that could be interpreted as
being basal Gilbert as well as Polarity Anomaly S0 This interval
consists of silty futites, and the sedimentation rate of 0.5 mm 1,000
vr. shown to be reasonably accurate for the immediately overlving
silty lutites, was applied. Using this sedimentation rate, the caleu-
lated age of the 49 magnetic signatures assumed to be Gauss-Gul-
bert and Gilbert Polarity Anomaly S boundaries was consistent
(Fig. 2). On this basis, the oldest part of unit A incores 224 and 221
1s interpreted to include sediment of Miocene age. Thisage istenta-
tive. and the combination of sedimentary parameters and magnetic
signatures is the best present method of age determination.

Conclusions. Interpretation of the oldest sediment in core FL.
224 as being upper Miocene (Fig. 29) has major implications for
interpretation of the paleoclimatic history of the Arctic Ocean. An
angular pebble, 1.1 X 0.7 cm (Fig. 33). was found in scgment & of
core F1. 221 ~14.0 cm above flow-in and 8.5 cm below the base of
the Gilbert. This segment is in an interval of normal polanty
interpreted as Miocene Polarity Anomaly 5. This age interpre-
tation is supported by physical correlations with core FI. 224 and
others. The pebble is partly coated with what appears to be a
ferromangancese crust. This coating is similar to that on pebbles
described by Schwarzacher and Hunkins (1961). The pebbles were
from the surface of the Arctic Ocean floor and were interpreted as
glacial erratics.

In addition to the pebble in segment 8, a larger pebble 1.6 > 118
em (Fig. 33) was found in dark brown flow-in near the base of the
core in the middle of segment 1. This pebble is abso coated with a
ferromanganese crust. Both pebbles are angular to subangular with
many facets. 1Uis reasonable to assume that both of these pebbles
are ice-rafted. and their presence suggests the existence of some
type of ice-ratting transport at the ume the sediment accumulated
Extrapolation of the Gilbert sedimentation rate for FL 221 (which
is 0.54 mm 1.000 vr) trom the Gilbert reversal to the pebble i
segment & resulted in an age for the deposition of the pehble of § 26
m.y. Fhis value currently 1s the oldest date for the imtiation of we-
rafting in the Arctic. The pebble found in flow-in below segment 8
supports the idea of even carhier ice-ratung

The age of the oldest sediment recovered (which ivan b 224)
was calculated 10 a similar manner  Extrapolation of the Gialbert
vedimentation rate (0 S4 mm 1O vy tor Bl 224 from the (nlbert
reversal to the sediment just above flow-in segment 6 resulted 10 a
minimum age for this sediment of S X9 m v This value places the
oldest sediment 1n Miocene reversed nterval 6 (FaBrecque and
others, 1977) (kg 29). which does not correspond to the normal
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Figure 33. (A) Pebbles from core FL 221. Pebble A is from unit A, segment &, top sample. Pebble B is from flow-in, segment 1, middle of the core. The
scale is in centimetres. (B) A portion of the coarse fraction ( *-63 um) from unit F, core F1.214, segment &, sample 2. (C) A portion of the coarse fraction ( -63
um) from unit A, core FL 214, segment 1, sample 1. The black particles are ferromanganese particles. For both (B) and (C) the numeral 1 is 2.88mm high.

polanty magnetic signatures of this sediment. This inconsistency
may have resulted from an increase 1in sedimentation rates in the
Miocene or trom unreliable paleomagnetics in the bottom of core
Bl 2240 The normal polarity magnetic signatures suggest a
maximum age of the oldest undisturbed sediment in F1. 224 10 be
S.62 m.y. This age s the oldest rehable date torm-place sedimentin
the Arctic Ocean

While we believe that these age approximations are sound, we
concede that isotope data tor the oldest parts of our cores would
make our position more comfortable. [he Arctic sediment has not
vielded such data to date

SURFACE-SEDIMENT CHARACTERISTICS

Bottom photographs trom several parts of the central Arctic
Ocean show two prominent features (1) pnmary sedimentary
structures an a sty futite matnix and (2) pebble fields. The
sedimentary structures. mostly trace fossils, were deseribed and
interpreted by Katchelb and others (19754, 1978b) Kitchell (1979),
and Kitchell and Clark (1979)  The concduston of thin work
challenges previous ideas concerming trace lossils and bathymetry

Noohathymetne gradient in behavioral complexity can he
interpreted from the Arctic photographs (Kitchell and Clark

1979). Those traces adentitied in the tossil record to represent
cthoient foragimg strategies are conspreuousiy ahsent at all depths
in the central Arctc In contrast, the ethowent foraging strategies of
the Nerewes group were shown to be present at all depths in the
Antarcie (Kitchelland otness, 1978hy These indings suggest that,
despite the tace-tosal paradigm that icreasing behasioral
complexmity and sediment explotation cotrelate with a decrease in
food avatlabihty, the presence o1 absence of sutface-grazing
arganisms s mote impottant than depth ot nuttient supply in
modiving  sediment Trace-fossit patterns . may be better
understaod by reference to resource-optimization theony and the
cttect of predation (Kachell, 19749)

Also pronunent in hottam photos are pehble fields imter preted
s accumulations ol gee-talted debos iSchwarzacher and Hunkns
vty s conclusion v harmony with owr own work
summanized i the following papes

ARCTIC SURFACE-SEDIMENT TENTL RE

Introduction

In addition to photographic study ot cortace trace tosals and
pebble tickds. several hundred core topy were dadied texturalhy
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I'he surface sediment generally consists of less than 15¢¢ sand-sized
material. Fhe remaining 85¢¢ of the surtace sediment was studied to
determine the relative importance and abundance of silt- and clay-
sized particles. Some 93 core tops were selected for detailed textural
analysis {App. 1B). 'he uppermost 3 em of the cores was
considered to be surtace sediment.

I'he result of this study s a silt-clay textural classification of
glacial-marine sediment. The samples were selected to provide a
wide geographic distribution representing glacial-marine sediment
in varying depositional environments in the modern central Arctic
Ocean. Figure 34 shows the geographic distribution of the surface-
sediment samples as well as the bathymetric configuration of the
central Arctic Basin,

Sediment and Geomorphic Structure of Study Area

I hirty-one of the surface-sediment samples were collected trom
the flanks of the Alpha Cordillera and its western extension. the
Mendelevey Ridge. The Alpha Cordillers is a broad bathvmetric
high that reaches ity erest at a depth of 1.800 m betow the ocean
surtiace (Hunkins and Kutschale, 1967). Afthough a few persistent
lincar trends occur. most of the 250- to 800-km wadth of the Alpha
Cordillera consists of small discontinuous nidges and smadl peaks

ra
w

(Hall. 1973). The sediment thickness over the Alpha Cordillera
measured by seismic reflection techniques. is ~300 m (Hall. 1973)
The Canada Abyssal Plain and its northwestern extension. the
Mendelevey Abyssal Plain, lie to the south of the Alpha Cordillera
(Fig. 34). Hunkins (1968) reported that this abyssal plan has a
uniform depth of ~3.800 m and covers an area of almost 255.000
km’. At its western boundary . the Canada Abyssal Plain impinges
on the steep slopes of the Chukchi Rise and the Northwind
Fscarpment. The gradual slopes ot the Canadian Continental Rise
form the southern and eastern boundaries. Hunkins (196K} and
Hunkins und Kutschale (1967) have hypothesized that the
occurrence of more gradual slopes and shallower dephs at the
eastern boundary of this abyssal plain indicates that the principal
source of sediment is the castern portion of the Canadian
Contnental Shelt. Campbell and Clark (1977) reported highey
turbidite concentrations in cores trom  the southeastern and
northeastern portions of the abvssal plain. Thiv turbidite
conesntration indicates a4 sediment source o the Canadian
Archipelago in support of the earlier theory of Hunkins (196%)
Sedimentsin the Canada Abyssal Phan differ from those of the
Alpha Cordillera in that they have lower concentrations ot
Forammmtera and are dark obve-gray to grav in color (tHunkins and
Kutschale, 1967). More significantly, Campbell and Clark (1977)

/ o 2000
: ARLISS

PLATE AU

0
711' o °‘o° ° °
o
et CHUKCHI \«/\o %/
! agyssar  Mam,,

Ga

CHUKCHL
SEA

CHUKCHI
,00 RIGE
(o]

8F AUFORT
SEA

20, 00 "
FLETCHER ‘¢
ABYSSAL

PLAIN

MENDELE YEV RIDGF

MFNDELEYEV
AHru5AL o
PLAIN

3 e

Figure 34. Geomorphic map of a portion of the Arctic Ocesn showing the geographic distribution of surface umples (that is core tops) and the
bathymetric configuration of the central Arctic Basin. Open circles represent locations of surface-sediment samples. Locations of the eight cores used in the
steatigraphic analysis are indicated by numbered closed circles. The water-depth contour interval in 1,000 m.
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concluded that well-sorted sandy layers comprising as much as 27¢;
of the sediment in some cores are the product of turbidity currents.
These deposits exhibit better sorting than those of the Alpha
Cordillera and are deposited at higher rates. Sedimentation rates as
high as 83 mm 1,000 vr have been calculated tor some sites in the
Canada Abyssal Plain (Campbell and Clark. 1977). The high rate
of sedimentation has resulted in the deposition of a 2-km layer of
sediment (Hunkins and Kutschale, 1967) in the abyssal plain,
compared to only 300 m of sediment for the Alpha Cordiliera (Hall.
1973). A total of 39 sediment samples from the Canada Abyssal
Plain was analyzed.

The Chukchi Abyssal Plain lies to the west of the Canada
Abyssal Plain. It is bounded on the west by the Arliss Plateau and
on the south and east by Chukchi Rise. The average depth of this
abvssal plain. which covers an area of 5000 km?, is ~2.200 m
(Hunkins, 1968). A narrow canyon called the Charlie Gap connects
the Chukchi Abyssal Plain with the northwestern extremities of the
Canada Abyssal Plain. Hunkins (1968) suggested that minor
amounts of sediment may flow through the Charlie Gap from the
Chukchi Abyssal Plain and be deposited on the Canada Abyssal
Plain.

Little information is available on the sediments of the Chukchi
Abyssal Plain. Their textural charactenistics are assumed to be
similar to those of the Canada Abyssal Plain because the
depositional environments of those two regions are sumilar.
Sedimentation rates determined from seismic and paleomagnetic
data for the Chukchi Abyssal Plain are ~2.4mm 1.000 yr. A group
of 13 samples from the northern edge of the Chukchi Plain was
analvzed

The remaining 11 surface sediment samples were taken from
locations scattered on the southern flank of the Northwind
Fscarpment and the northwestern boundary of the Canada Abyvasal
Plain

In addition to the Arctic Ocean core-topsamples. 17 samples of
normal pelagic and  hemipelagic clavs, calcarcous oose. and
siliceous ooze from other occans and 20 samples of continental
glacial tfl were analysed. Grain-size distributions were determined
to contrast marine.  glacwl,  and  glacal-manne  sediment
charactenistics  The locations ot these comparative samples are
hsted in Appendix 1C and 1D

Study consisted of sieving samples ona 63-um (micrometre) sieve
for removal of sand and larger-sized particles and conducting an
electronic size analysis of the matenal that passed through the sieve
using a 1A 11 Coulter counter. The Coulter counter measured the
percentages ol particles 1 19 class intervals between (.63 and 63
um, or ~11 to 4 phi. Data trom the Coulter counter and sieve were
normalized. The term “coarse™ (as apphed to particles. modes.
distributions. and so forth) hereatter refers to particles larger than
63 um in diameter

Silt-Clay Grain-Size Histograms

Four types of alt-clay gramn-size distributions were observed in
the histograms constructed tor the Arctic Ocean surface sediments

Type 1 Sediment. Scdiments with wlt-clay histograms having a
tlat distribution over the entise fine-clay to coarse-silt range t0 63 to
610 um)y (b 35) are referred to as type 1 osediment These
sediments are nonsorted and consist of pearly equalamounts of it
and tiner matenal The amount of fine to coarse clay, hereatter
referred 1o as the cavszed fraction, has a mean of 3947, b

weight, whereas the mean silt content s 46,40 The mean 1
percentage of coarse material s 14.1¢7 tor type 1 sediment. %
Type 1l Sediment. Bimodal silt-clay histograms (Fig. 36) are i
characteristic of type 1l sediments. The finer mode consistenthy ]
occurs in the 1.26- 10 2.52-um (medium- to coarse-clay ) range. The !
coarse mode 15 more vanable in position. generally in the 6.35- 10 j
63.0-um (fine- to coarse-nilt) range. In a few cases, only the fine tail ;
of the coarse mode occurs in the silt-sized traction: this indicates
that the peak and coarse tail occur in the coarse fraction. For type [1 |
sediment, the mean contents of silt-. clav-. and coarse-sized
particles are 16.0¢; 48.3¢¢ and 35.6¢¢. respectively. A gradational .
change was noted between type | and type 11 sediments. Some -
poorly sorted sediments show slight bimodality. and some bimodal
sediments are poorly sorted.
Type I Sediment. The third type of sediment histogram (Fig. {
37) exhibits a strong mode in the medium- to coarse-clay range with
a coarse tail extending through the silt range. In some cases. a
secondary mode 1s found in the fine- to coarse=silt range. which i
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Figure 35. Typical Arctic Ocean type 1 silt-clay grain-size histogram
(sample 17-19-1). The percentage of grains with diameters greater than 63
um, that is, the coarse fraction, is represented by the column labeled
“Coarse” at the right side of the histogram. Not that the distribution is
constant over the entire fine-clay to coarse-silt (0.63- to 63.0-um) range.
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Figure 36. Typical Arctic Ocesn type 1 silt-clay grain-size histogram
(sample 19-8-1). Note the bimodal nature of this histogram. The fine mode
occurs in the medium- to coarse-clay (1.26- to 2.52-um) range. The coarse
mode is found in the fine- to coarse-silt (6.38- to 63-um) range.
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suggests that type 1l sediments are related to the bimodal
sediments characteristic of type 110 The relative abundances of
coarse-, silt-. and clay-sized particles tor type 1 sediments are
influenced by the geographic locations from which the samples
were taken. Type U sediments of the Canada Abyssal Plain (Fig.
37) tend to have low mean contents of coarse particles (2.0¢ ) and
silt particles (31.277) and a high mean clay content (68.%67). Alpha
Cordillera type I sediments (Fig. 38) have higher mean coarse
percentages (15.2¢7) and a lower mean clay content (47.7¢). Type
111 sediments of the Chukchi Abyssal Plain tend to have relative
coarse, silt, and clay proportions intermediate between those of the
Alpha Cordillera and the Canada Abyssal Plain. Generally, tvpe
HI sediments have a low mean coarse contentand a high mean clay
content in comparison to other sediment types.
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Figure 37. Silt-clay grain-size histogram representing a typical Canada
Abyssal Piain type 111 sediment (sample 50-14-1). Note the occurrence of &
mode in the medium- to cosrse-clay (1.26- to 2.52-um) range with a coarse
tail extending through the silt range. The fine mode in type 111 sediments of
the Canada Abyssal Plain is probably composed of fine sediments
associated with turbidity-current deposits.

TYPE I

- r
z ; ‘
w -4
& { L
@ 1T
. JJ h
- ~ L
s ,_I 1LJ I i
oo o g 1
z

4

J . - . . . [

GRAIN SIZE

Figure 8. Typical type 11l silt-clay grain size histogram representing a
sediment sample from the Alpha Cordillera (sample 395-16-1). Comparison
of Alphs Cordillers and Canada Abyssal Plain type HI histograms revealed
that type 111 sediments from the corditlera have larger relative proportioms
of oiit and coarse materisl. Type Il histograms representing Alphs
Cordillera sediments sre assumed to indicate low influx rates for glacial
ice-rafted medium to coarse silt.

Type IV Sediment. Type 1V sediments have a mode in the
coarse-sized or coarse-stlt sizzd fraction and a fine tail extending
through the fine-silt and coarse~clay class intervals. Some type IV
sediments are bimodal with a secondary mode in the medium- to
coarse-clay range. The geographic location of samples shows
some influence on the relative proporiions of coarse-, silt-. and
clay-sized particles occurring in type IV sediment. Samples trom
the Canada Abyssal Plain (Fig. 39) tend to have more silt and tewer
coarse grains (mean silt content = 74,65 mean coarse content
= 11.9¢%) than do those trom the Alpha Cordillera (Fig. 40) (mean
silt content = 63.6¢¢: mean coarse content = 25700 ). Overall, type IV
sediments have a high mean coarse-silt contentand a fow mean clay
content in comparison to other sediment types.
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Figure 39. Silt-clay grain-size histogram representing a typical type IV
sediment from the Canada Abyssal Plain (sample 75-8-1). Note the presence
of a mode in the coarse-silt fraction with a fine tail extending through the
fine-silt-sized and clay-sized fraction. The occurrence of the silt mode in
Canada Abyssal Plain type IV sediments is believed to result from
deposition of silt by turbidity currents.
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Figure 40. Typical type IV silt-clay histogram representing sediment
from the Alpha Cordillera (sample $33-20-1). When compared to ( anada
Abyssal Plain type IV histograms, Alphs Cordillera type IV histograms
were found to exhibit higher relative proportions of clay and coarse
particles. Type IV sediments of the Alpha ( ordiliers probably result from
high rates of deposition of glacis) ice-rafied silt and coarse material.
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Statistical Parameters

The mean, standard deviation (sorting coefticient). and
skewness were calculated graphically for the 0.63-t0 63.0-um (fine-
clay to coarse-silt) histograms n order to deseribe the size
distribution of the particles of cach Arctic Ocean surface-sediment
sample. Fhese parameters should not be considered representa-
tive of the entire sample because they do not include the coarse
fraction or particles finer than 0.63 pm. They are usetul for
comparisons between sediment types. however. The mean values of
cach statistical parameter and the mean coarse. silt, and clay
percentages typifving each sediment type are listed in Fable 4.

Statistical tests were used to cvaluate the vahdiny of this
clasmitication. The 1 test was used to determine the significance of
differences in the mean statistical parameters of the sediment
types at the 0.95 contidence level. The significance of ditferences in
standard  deviations of the mean statistical  parameters was
determined. at the 095 contidence level. using the B otest. Unless
otherwise noted. ditterences deseribed inthis discusston were found
to be signiticant.

Skew ness coctticients of tpe Dsedimentsare among the highest
encountercd 1in Arctic Ocean surface sediments. these samples
deviate the most trom g ssmmetricial. normal distnibution. Positive
skewness esuallyv ndicates the presence of o coarse taal ina
unimodal distithution This s not apparent in the histograms of
tvpe | sediments. Perhaps the silt distnbution of these sediments
should be thought of as o poorhy sorted coarse tad of & ummodal
distrrbution with ats mode in the clay-sized fractnion

The bimodal distrthations ot tvpe T vield a mean skewness of
1 2 with a standard deviation ot 0 3 This mean value suggests that
the Wit mode of some himodal lstograms man represent the coarse
tart ot a predommantly clas-sized sediment

The mean grinn size of tope sediment s smaller than that ot
tvpe 1 which retlects the absence of the silt mode i tvpe 1
The mean sorting cocticient al tvpe T sediment i
The varability an the size
range covered by the st mode inothe tvpe D histogram s

histograms
somewhat higher than that of type |

TSI N NeeoT o bAN BEUE ENIMEN R i TS AN e

demonstiated by the greater standard deviation of the mean sorang
coctficient tor tyvpe [ sediments

Regardiess of geographic mfluences. tvpe HE sediments have
the smallest mean grain sizes of the four sediment tvpes Thiv s a
result of the high clay content reflected by the mode o the clay-
sized fraction of type H1 histograms. These sedimentsidso show the
bestsorting of all Arctic Ocean sustace samples The presence of a
coarse tail or secondary mode in the silt-aized fraction gives these
samples high positive shewness values

Mean grain sizes of type IV sediments are the Luogest
encountered tor Arctie Ocean surface sediments he coarse nature
of these deposits 1s also retlected by the high percentage ol siftand
sediment (Table  4). Although  tvpe 1V
distributions show a pronounced silt mode. the sorting v pao

COUrse rran-size
owing to the wide grain-size tange in which this mode ocours
Negatine mean skewness coethicients were calealated tor tvpe 1Y
sediments of the Canada Absssal Plain and the Alpha Cordilleras
This eftect was produced by the presence of a fine tnb o secondarn
mode in the clay fraction Type IV sediments have mean shewness
coetticients near zero, which indicites that then gran-aze
distributions are nearly ssmmetnical about the mean pram size that
is. they approach a normal distribution

Conclusions
Four textural categories of Arctic Ocean sutface sediment are

recognizable (1) type 1
histogram: (2) type T sediment with a bimodal sile-clay histogram,

sediment with o nonsorted silt-clay
(3) tvpe L sediment with a strong mode in the coatse-clay tange,
and (4) tvpe VO sediment with a strong mode e the coarse it
range

FERROMANGANESE MICRONODULES

Desceription

Dhark

commaoen i the sand-sized fracton of the sihy Tutites e the cores

hrown 1o black ferramanganese micronodules e
studhed  These particles are foable and cass to crush with the poim
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Toraminitera bath benthie and planktomc and inomany Cases
coctusts the whole test Pebbles o the sediment are poncrally
whollv o parthy Casted with s thim ferromanganese Lavor Scannany
clectton microscope photopraphs show deathy the dertal vraime
mcorpotated snto the partickes ana the wocondary natire of the
coatines an Foramimitery tests b e 40
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displaved no lamnnations Broken particles cabserved worh the
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bigure 41 ¢ V) Iwo ferromanganese particles from
umit A core B 40 segment 4 sample YU W 1676 1)
Scale bar represents 60 L Note on the left the twa
roughiy sphenical particles that have coudesced into a
sigle particle and on the nght the detrital grams
wvorporated mto the ferramanganese particle (B Close-
up of the particle on the rightin c A Scale bar represents
2 .m Note the detrtal grans that have been
weorporated nto the ferromanganese parfide ()
T erromanganese partiches that hive apparemthy grown on
the test af a b oramimifera/Pyrgosp ireconered fromunmit
oo core BE ZRY sepment £ sample 308 W 1676 2y
Scale bar represents 1O om
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degtenates of feitomanganosd ihatcial and sedimentary grains
tather than mternally innnated nodules

Semmguantitative clemental analysis was performed  on 48
terromanganese particles. The particles were proked teom samples
ot umits AL Doand G kg 2) tromcores BE 2210 F 1 283 and F
430 X-ray spectra were recorded using the energy-dispersive. X-
ray analysis system attached to the scanning electron microscope

Silicon and  aluminum  generally  are the most abundant
clements (Fig 42) This is explained by the incorporated imputities
in the particles. Iron and manganese are normally the nest most
abundant clements. fron is more plentiful than mangancese inabout
one-halt of the samples, and manganese is more plenuful than iron
i the remainder. No definite trends are apparent in the relatine
abundances of the two elements with depthin the core or between
cores Occasionally, the electron beam would impinge upon pure
authigeme matertal, and ron and manganese would be the most
abundant clements almost to the excluston of others (g 42)
Small amounts of copper and mickel also are present i these
particles

N orav powder photographs were made i anattempt todentufy

the on-manganese nneralts) present in these particles A farge

Figure 42 (A} X-ray spectrum of a typical ferromanganese pasticle from
unit A, core 1 211, segment &, top sample. Flementsl peaks other than
manganese snd iron are probably a result of detrital grains incorporated
into the particte. {B) X-ray spectrum for s relatively pure area of one
ferromanganese particle from unit A, core F{ 221, segment & top sample
Manganese snd iron are the predominant elements to the near exclusion of
all others
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accumulation: (4) ice-rafting; (5) bottom processes involving
morganic  or  organic  activity: and  (6) atmospheric  dust
accumulation (Frieson and others, 1964; Clark, 1971, 1974; Mullen
and others, 1972; Darby and others, 1974; Herman, 1974). Three
sediment types clearly dominate the upper Miocene to Holocene
sediments of the Alpha Cordillera region: (1) arenaceous lutites: (2)
silty lutites: and (3) minor amounts of clastic. carbonate-rich, pink-
white sediment. Silty lutites comprise about 807 of most sections,
but the arenaccous lutites are more distinctive markers and contain
a higher percentage of erraties (that is. dropstones). We believe that
the origin of all of these units represents a variation on a single
theme  ice-rafting.

Evidence of lce-Rafting

Arenaceous Lutites. Figure 33 illustrates the poor sorting,
coarse texture, and ice-ratted pebbles commonly found in the 7ones
of arenaccous lutites. Several large erratics and small. pink-white
clasts from unit I are illustrated in Figure 12, The surtaces of the
large erratics are faceted and exhibit stnae.

The vertical distribution of erratics is listed by unit in Table |
An increase in the number of erratics per centimetre of section
occurs in units J. 1., and M. These units contain arenaceous lutite
zones and pink-white lavers. In addition, the standard deviation of
unit thickness for units I and M indicates a greater thickniess
variability. This may suggest a more sporadic depositional history
for these units, such as glacial ice-rafting of a greater magnitude.

The arenaceous lutite in the upper portion of unit J contains
small, pink-white clasts of variable texture. These clasts are pelletal
in nature and seem 1o be very cohesive: they also occur in most of
the pink-white lavers. Similar clasts were deseribed by Ovenshine
(1970) during a study of recent iceberg rafting in Glacier Bav,
Alaska. He concluded:

Smitll pellets of poorly sorted sediment are abundantin the matenal being
ratted inte Glacier Bayv and origimally formed between clear ice ervstalsoin
tohation bunds 1n glacier ice They probably owe their coherence 1o the
stress undergone durning glacer fTow . I present inan anaent sequence. they
testily unquely 1o the nearby exastence of placiers (Osvensnne, 19700 p
X91)

A pood correlation exists between arenaceous lutite zones and
pink-white layers with increased detrital grains (Fig  9).
Fxamination of grain microsurfaces with a scanning clectron
microscope  reveals textures and features similar to those
commonly observed on microsurfaces of glaciated grains (Krinsley
and Doornkamp. 1973). Scveral grains exhibiting these features are
lustrated in Figure 43

A plot of detrital grains (lithic fragments plus detnital
carbonate) versus depthin coreis given in Figure 9. There is a good
correlaton of ancrease in detnital grains (hthic tragments and
detrital carbonate) with sandy lutite 7ones and pink-white lavers
Lithic fragments found hundreds of kilometres from the ncarest
continental source are probably ice-rafted (Goodell and others.
196K)

Carbonate maxima |, X and 7 (Darby. 1975) correlate with
pink-white layers W1 PW2 and PWI. respectively Arenaceous
lutite 7ones appear to correlate with carbonate maxima | and 9
(Fig 9 Darbuvanterpreted these maxnma as deteital units that were
dernved trom glacial wcebergs during penods of increased glacial

calving

Figure 12D 1llustrates the coarse fraction {63 um)tor the PW]
layer in core F1.270. Poor sorting and faceted pebbles common to
these lavers are well illustrated in this figure. Most of the pebbles
and large grains from these units are angular and exhibit taceting,
striae, and other features indicative of glacially derived sediments
(Goodell and others, 1968).

Sitty Lutites. The silty futites consist of (1) normal pelapic
sediments (slow accumulation of detrital grains. atmosphernic dust.
and biogenic components). (2) ice-ralted sediments. and ()
authigenic sediments. The silty lutites are characterized by low
percentages of coarse sediment ( -63 um). Anaverage value s =S¢

[ce-rafted pebbles are occasionally observed e the silty lutites.
However, the frequency is much lower than that of the arenaceous
lutites (Table [; units | and K are primarily silts  lutites)
Ferromanganese particles are abundant in portions ot unit Land all
of unit K. Apparent ferromanganese coatings or crusts are also
found on detrital grains. Herman (1974) and Hunkins and others
(1971) also described authigenic manganese nodules and crusts in
several cores from the central Arctic Ocean. They believed that
these particles form in arcas where the sedimentation rates are
extremely Jow. The silty Jutites are primarily ice-rafted in onigin but
represent periads ot reduced ice-rafting

All of these sediment types have been defined stratigraphicaliy
and exhibit a continuous distribution across the central Arctic
Ocean. There 1s an apparent dichotomy because st might he
assumed that ice-rafted sediments should extibit o patchs,
discontinuous  distnibution. However. the sedimentation rates
indicate that long periods of time are necessary tor the deposition of
significant amounts ol ice-ralted detritus 1t seems apparent that
the drift of the ice pack over long penods of time. combined with
the continual meltng and release of ace-rafted detnitus into the
water. would explain the continuous distithution of gce-ratted
sediments in the central Arctic Ocean

Other Sedimentary Processes

Other clastic sedimentation processes in the occan are
compared in Table S0 The evidence supports the adea that ace-
rafting has been the domimant process of central Arctic Ocean
sedimentation since the late Miocene, Thisisnota novel conclusion
but has been examined. in part. by Arctic workers (1 nicson and
others. 1964; Hunkins and others, 1971 Mullen and others 1972)
Studies of ice-rafted sediment are few. and it has been concluded
that “there are no generally accepted. gquantitatively defined
charactenisties™ for wee-rafted debris (Goodell and athers, 1968 p
47y For this reason. we have considered other posabilines
Middleton and Hampton (1973) hsted criteri tor dishingainshing
four mass-flow mechamsms for transportation of sands and
coarser sediments into deep water turbidits currents, fludized
sediment flows, grain flows, and debnis flows Bouma and Hollister
(1973) imvestigated the deposition of sediment by deep ocean
currents that produce contountes Harms (1974) desenibed the
characterstios of an unusual deep-water density current deposat
from the Permuan of west Tevas

Two major factors preclude a sedment-gravity-flow (Middle-
ton and Hampton. 1973 interpretation for the arenaccous lutites
() the widespread  lateral and vertical distoibution of  the
arenaccous hutites from the deep margin of the Canada Basin tothe
top ot the shallow Alpha Cordiliera and (23 the Lack of any priman
sedimentary stractures o gran onentiation an the arenaceons

e




Figure 4% (A) BT 435 Glaciated quarts grain exhibiting high relief. sharp angular outline. conchoidal fractures, semiparatiel steplike fentures,
featureless fructure planes, and hreakage blocks indicative of primary glacul origin (har equals 20 ,,m. UMW 16K1-1) (B) 11 438 Glacated quartz gran
tlustrating high relief. sharp angular outline, large conchoidal fructures, sermparaliel steplike features, and hreakage blocks charactenstic of primars
glacsal onigin thar equals 0 .m T W 16810 (O FT 228 Glaciated grain displaving high relief sharp angudar outline. random stristions, lurge conchoirdal
features. semiparablel steplike fractures. and hreakage blocks suggestise of primary glacial origin thur equals 40, m UMW 1681 3 (D0 FT 20 A moderatels
rewarked glactal grain Note impact pits probabby due to transport This grain exhibitsa high rehefl sharp angulas outline, semiparatict stephibe features,
and hreakage blocks indicative of placial arigin ther equals 40 .m. 1 W 16K1.4)
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lutites (Table 5). A comparison of arenaccous lutite units with the
Canada Abyssal Plain turbidite in Figure 6 (Campbell and Clark.
1977) clearly illustrates the differences between an Arctic Qcean
turbidite and arenaceous lutites in this study. In addition, X-
radiographs failed to reveal primary sedimentary structures in any
of the units,

The size sorting and abundance of primary sedimentary
structures in contourites (Bouma and Hollister. 1973) and density
current deposits (Harms, 1974) eliminate these deposits as possible
models for arenaceous lutites in the Arctic.

Table S shows that features of arenaceous lutites resemble the
expected features of an ice-rafted sediment.

Ice-rafted deposits are gencrally beliecved to have been
transported by icebergs. Although criteria, notably a striated and

polished glacial pavement, have been established for recognition of

tllites (Dott. 1961), no characteristic criteria for the identification
of ice-rafted sediments were vigorously defined (Holmes and
Creager. 1974). Dott (1961) believed that abundant. widespread
erratics were best explained by ice-rafting.

Expected features of ice-rafted sediments include poor sorting
with abundant matrix and pebbles, variable thicknesses, and a lack
of most primary sedimentary structures. In addition. the presence
of abundant guartz. chert, and lithic fragments of continental
lithologies in the sand-sized fraction of ungraded beds several
thousand kilometres from land suggests ice-rafting transport
{Goodcll and others, 1968). The clockwise drift of ice over the
western Arctic Ocean ensures a widespread distribution of detritus.

Conclusions

All of the features expected of ice-rafted sediment are
characteristic of arenaceous lutites and, to a great extent, silty
lutites of the central Arctic. As indicated, pebble-sized erratics are
most abundant in the arenaceous lutites. Evidence that these
pebbles were ice-rafted was summarized by Mullen and others
(1972). Pebbles reported in other Arctic Ocean cores were also
reported as being ice-rafted (Schwarzacher and Hunkins, 1961).
Ice-rafting of sediment similar to the arenaceous lutites occurs
today in the Arctic Ocean (Stoiber and others, 1960; Hunkins and
others. 1969. Schwarzacher and Hunkins, 1961; Holmes and
Creager. 1974). The sand-sized fraction of the arenaceous lutites
also resembles the sand-sized fraction of sediment interpreted as
ice-rafted from other oceans (Kent and others, 1971).

Ice-rafting may also explain the distribution of unit F if the
existence of a pack ice cover similar to the present one is assumed. It
is possible that the thinning of unit F northward toward the Alpha
Cordillera (Fig. 15) is not a function of decreasing water depth but
rather a result of thicker and more rigid pack ice nearer the pole.
Aagaard and Coachman (1975) reported that summer melting and
open water are now restricted primarily to the margins of the Arctic
Ocean. Thicker and tighter ice would mean less ice movement with
correspondingly less subice deposition compared to arecas of
thinner, more open ice (Hunkins and others, 1971).

The wealth of evidence for ice-rafting and the lack of convincing
evidence for any other depositional mechanism suggest that ice-
rafting was the dominant mechanism for deposition of the
arenaceous lutites of this study.

The relative contributions of other sediment types to the
arcnaceous lutites are small. Ferromanganese particles are rarc in
the arenaceous lutites. Both planktonic and benthic Foraminifera

tests are rare. Unfortunately, there is no way to measure the relative
contribution to the sediment in the Pliocene and Pleistocene of
normal pelagic sedimentation, including atmospheric dust, even
though recent atmospheric contributions have been estimated
{Mullen and others, 1972; Darby and others, 1974).

One possible objection to the ice-rafting hypothesis is that an
ice-rafted sediment might be expected to have a patchy.
discontinuous distribution. In contrast, the distribution of the
arenaceous lutites in this study is regular. The argument that ice-
rafting could explain this pattern is as follows. It would have taken
~46,000 yr for the deposition of unit F (average thickness of 13.76
cm) at an assumed sedimentation rate of 3.0 cm 1,000 yr. Even if
the sedimentation rate was 10.0 mm 1,000 yr. it would have taken
~14,000 yr to deposit the arenaceous lutites of unit F. It seems
probable that the clockwise circulation of rigid pack ice would
ensure a widespread and relatively even distribution of glacial ice-
rafted sediment averaged over several tens of thousands of years. A
rigid ice pack may have even accentuated such a distribution.
Bottom photos reveal that much of the Arctic Ocean floor is
covered today with glacial ice-rafted gravels (Hunkins and others,
1969; Schwarzacher and Hunkins, 1961).

We conclude that the arenaceous lutite is ice-rafted and that the
silty lutite is best explained as a combination of ice-rafted material.
pelagic sediment, atmospheric dust, benthic tests, and authigenic
ferromanganese particles. For example, in the upper portions of
unit G, planktonic Foraminifera tests are a major component of the
sediment and suggest a major pelagic contribution to the sediment.
Also, authigenic ferromanganese particles are more abundant in
the silty jutite.

Summary

While the conclusion that the bulk of the late Cenozoic
sediment of the central Arctic is of ice-rafted. glacial-marine origin
appears convincing, the age of the initiation of ice-rafting is less
firm. Poore and Berggren (1974) concluded that “a major portion
of the Labrador Sea experienced significant ice cover during the
carly Late Pliocene.” Berggren (1977) elsewhere concluded that an
early Pliocene elevation of the Isthmus of Panama and subsequent
mid-Pliocene initiation of polar glaciation and formation of the
Labrador current preclude earlier Arctic glaciation. We conclude
that there is evidence in the cores that initiation of the central Arctic
glacial ice-rafting preceded that of the Labrador Sea by at least a
few million years. Our age for initiation is actually a minimum
because ice-rafted debris was accumulating in Svalbard as early as
the Eocene (Dalland, 1976).

GI ACIAL-MARINE SEDIMENTATION PROCESSES
Introduction

Comparison of the grain-size histograms and statistical
parameters of Fast Pacific Ocean pelarc clavs and Arctic Ocean
clay-rich. glacial-marine sediments (type 1) indicates that
similarities exist. In fact, it appears that the major textural
differences result from the presence of greater relative proportions
of silt in the Arctic Ocean sediments. The most striking similarity
between the two clay-rich sediments is the occurrence of a
pronounced fine mode in the medium- to coarse-clay range This




TABLE 5. PRINCIPAL CHARACTERISTICS OF SEVEN DEEP-SEA DEPOSITS AND THE ARENACEOUS LUTITES
THIS STUDY

I

N

Characteristic

Turbidites

Fluidized
sediment flows

Grain flows

Size sorting
Bed thickness

Moderate to poor
Usually 10 to 100 cm

Well? to poor
“"Thick", 1.5 w+

Contacts Top poor, bottom sharp Sharp
Grading Normal common Normal rare
Cross

laminations Common Contorted?
Horizontal

laminations Common Common, diffuse
Massive bedding Common Common, dish structure
Crain fabric None in massive Absent?
Matrix (<2y) 10% to 20% Absent-minor
Microfossils Common, intact Absent?
Plant and Common, well

skeletal remains preserved Absent?
Pebbles Intraclasts Intraclasts
Scour or

load structures Common, ubiquitous Common
Lateral extent 1X 10S km2 100's km27
Characteristic Debris flows Contourites

Size sorting
8ed thickness
Contacts
Grading

Cross
laminations

Horizontal
laminations

Masgive bedding
Grain fabric
Matrix (<2u)
Microfossils

Plaunt and
skeletal remains

Pebbles

Scour or
load structures

Lateral extent

Characteristic

Si{ze sorting
Bed thickness
Contacts
Grading

Cross
lam{nat{ons

Hor{zontal

Very poor
“Thick” 1 o+
Sharp

Poor reverse

Absent

Not likely?
Common, dish structure
Clasts parallel bed?
Variable

Possible?

Possible?

Coumon

Possible?

Local?

Well to very well
<5 cm
Sharp
Both

Common with
heavy minerals

Common
Absent
Parallel to bed
0% to 5%
Rare, broken

Rare, worn,
or broken

Absent

Common?

Local?

Ice rafted

Poor to very poor

"Thin?" to "Thick?"

?

Poasible?

Doubt ful?

laminations
Masgive bedding
Grain fabric
Matrix (<2y)
Microfossils

Plant and
skeletal remains

Pebhles

Scour or
load strurtures

lateral extent

Possible? Varves?
Expected
Absent?
Abundant
Variable

Both are possible

Common

Absaent

Fxtenstve?

Well? to poor
“Thick”, 1.5 mt
Sharp

Reverse In coarse

Absent

Common, diffuse
Common, dish structure
Imbricate up-flow
Absent-minor

Absent?

Absent?

Intraclasts

Common

Local

Density current
deposits (Harms, 1974)

Well to very well
2 cmtom
Sharp

Very uncommon
Common in sands

Common {n siltstone
Common in sands
Parallel bed in sands
Minor
Absent in silt

Common in sands,
rare in silts

Common {n sand

Common in sand

100°%s km’?

Arenaceous lutites
in this study

Very poor
2.5 emoto 36.5 cm
Variahle

Absent or verv vague

Absent

Thin lavers
and subunity

Most common
Absent

20% to 40+
Verv rare

One wond fragment,
no skeletal

Common

Absent

1X ]0S km10
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size range is characteristic of the fine mode that is present in the
histograms of the pelagic clays, the clay-rich glacial-marine
sediments (type 111), and the bimodal glacial-marine sediments
(type I1). A secondary mode in this size range also occurs on the fine
tail of some slightly bimodal, nonsorted type | glacial-marine
sediments.

The presence of the fine mode in the same grain-size interval in
all of the pelagic sediments and in the majority of the glacial-marine
sediments that were studied suggests that the deposition of clay-
sized particles from suspension is similar for all of the deep-sea
sediments that were examined. This conclusion, although
significant to the understanding of giacial-marine sedimentation, is
not 100 surprising because clay particles, owing to their minute size,
are the most likely to be affected by marine processes in the water
column and are less susceptible to postdepositional processes
(Inman, 1949).

Ice-rafting in the Arctic Ocean releases pebbles, sand, and
coarse silt that settle quickly to the sea floor. Finer grains (clays) are
more likely to be distributed across the ocean by marine transport
processes and mixed with normal pelagic sediments entering the
basin. This accounts for the uniform deposition of the fine mode
that is found in all but a few of the deep-sea sediments that were
examined.

Because the clay distribution is consistent for all Arctic and East
Pacific Ocean deposits analyzed, the differences in the silt-clay
grain-size distribution of Arctic Ocean glacial-marine surface-
sediment types must be interpreted as the result of variations in the
medium- to coarse-silt-sized fraction. Other students have pointed
out the fact that silt-sized particles are susceptible to transport by
ocean currents in the water column and are the most easily eroded
from bottom sediment by traction currents (Hjuistrom, i939;
Heezen and Hollister, 1964).

Processes That Modify Silt-Clay Distributions

Silt-distribution variations in surface sediments can be
accounted for by changes in the relative proportions of silt and clay
in the original ice-rafted sediment, by modifications of grain-size
distributions during deposition, and by postdepositional rework-
ing. The relative proportions of siit and clay transported by ice-
rafting may differ for different regions of the ocean basin. If it 1s
assumed that the sediment content of glacial ice is not variable, the
grain-size distribution must be modified after the sediment is
released from the ice. This modification could be accomplished by
ocean currents high in the water column. or sediments may be
reworked by sea-floor currents.

Reworking by Traction Currents. Entrainment of silt-sized
particles by traction currents (bottom currents as opposed to
currents occurring high in the water column) may be important. In
the Antarctic. continental shelf glacial-marine silt distributions in
shelf deposits are the result of entrainment of silt particles by fow-
intensity traction currents {Anderson and others, 1977b; Barrett.
1975. Chriss and Frakes. 1972). As bottom-current intensity
increases, very fine silt to coarse-silt grains are the first size class to
be mobilized. Frosion of sediments coarser than coarse silt requires
stronger traction currents because of the larger size of these grains
Conversely, the greater cohesiveness and lower bed roughness of
clay-sized particles mean that clay-rich deposits also require higher
traction-current velocities for entrainment (Inman. 1949).

Few measurements of Arctic Ocean bottom circulation have

been reported, but Hunkins and others (1969) measured traction
current velocities of 4 to 6¢m s on the Mendeleyev Ridge. Traction
currents in the Canada Abyssal Plain with velocities of 1.5t0 2.6
cm/s also were reported (Galt, 1967). Because so few measurements
have been made in such a large ocean basin, it 1s possible that this
data does not give a realistic picture of the Arctic Ocean traction
current regime.

According to Hjulstrom’s graph (1939), which related flow
velocity to erosion and transport of sediment grains, a traction
current with a velocity of 45 to 60 cm s would be required to cause
entrainment of the medium- to coarse-silt fraction. This size range
is represented by the redu.2d interval in the bimodal and clay-rich
Arctic Ocean surface-sediment distributions (types 11 and 111).
Traction currents with velocities of 1.5 10 6 cm s are not strong
enough to entrain sediment of any diamete: (Hjulstrom, 1939).
They are capable, however, of preventing sedimentation of
suspended silt and fine sand. This indicates that the Arctic Ocean
bottom currents described by Hunkins and others (1969) and Galt
(1967) are not capable of entrainment of silt-sized grains during
reworking. These traction currents are capable of redistributing
coarse material before deposition, however.

Several authors (Heezen and Holhster. 1964; Chriss and
Frakes, 1972) suggested that the relationship between flow velocity
and entrainment of marine sediment is shown by the graph
constructed by Mavis and others (1935). According to this
relationship. the flow velocities required for erosion of incohesive
sediments decrease with progressively finer sediment, 1f this curve
applies to Arctic Ocean glacial-marine sediment, traction-current
velocities of only 4 t0 5.5 cm-s would be sufficient to mobilize the
medium- to coarse-silt modal classes missing from types 1 and 111
sediment (Heezen and Hollister, 1964). Currents of this intenisits
also would entrain fine grains, however. Therefore. interaction of
traction currents with incohesive sediments probably could not
result in a bimodal distribution as found in type 1l sediments.

Also, the assumption made by Heesen and Hollister (1964) that
marine scdiments are less cohesive, thus requiring lower flow
velocities 1o cause erosion, probably is not true for glacial-marine
sediment. Antarctic glacial-marine deposits have been classified as
compacted to overcompacted (Anderson and others, 1977b; Fillon,
1972). which suggests that they might be more cohesive than
normal pelagic sediments. No compaction data are avadable tor
Arctic Ocean glacial-marine sediment. and the Antarctic sediment
has been reworked by ground ice: therefore. a direct comparnison
probably 1s not possible.

Anderson and others (1977b} and Barrett (1975) stated that the
action of bottom currents results i stratification of continental
shelf glacial-marine deposits. Stratification s not common n
the Arctic sediment cores. Widespread erosion of manne sediment
probably should resultin the common occurrence of mijor uncon-
formities in sediment cores (Fillon, 1972). This s not the case tor
the Arctic Ocean cores, for which only a tew defimite uncontforms-
ites have been recognized (B 2Ky Although this evidence s not
conclusive itsuggests that resorkang s nunaor tor the central Arctic
sediment

Reworking Due to Bioturbation or Geochemical Alteration.
for Arctuie surfiace sediments, bioturbation may be i factor i siit
redistnbution. Although burrowing 18 not extensive i the
uppermost centimetres of the Arctic cores, bottom photopraphs
indwcate that foraging traces of  mManne orgamsms cover g
signihicant portion of the Arctic Ocean floor (Kitchell and Clark
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1979). The effect of marine organisms on sediment silt-clay
distributions is not well understood, although recent time-lapse
photography of an Atlantic site suggests that modification of
sediment is more rapid and temporary than previously thought
(Paul and others, 1978).

Barrett (1975) demonstrated that even small amounts of
hornblende in unconsolidated sediment is good evidence for no
extensive geochemical reworking of that sediment. This unstable
mineral is present in small amounts ir smear slides of the Arctic
sediment.

Modification of Silt-Clay Patterns by Mid-depth Oceanic
Currents. Another oceanographic factor that may be important to
glacial-marine sedimentation is the effect of currents that occur
high in the water column. As with bottom currents. little
information is available on Arctic Ocean mid-depth circulation.
Coachman and Aagaard (1974) detected current velocities varying
between 0 and 5 cm s at depths of 200 to 900 m. Strong velocity
pulses of less thun two weeks duration, reaching intensities of 57
cm.s, have been measured (Galt, 1967). These measurements
suggest that currents high in the water column, capable of affecting
sedimentation of silt- and sand-sized particles, are present in the
central Arctic Basin (Hjulstrom, 1939; Heesen and Hollister. 1964)
but are extremely variable. If we assume that the present input of
ice-rafted sediment is constant and that bottom reworking does not
alter the silt-clay distribution after deposition, then the vaniability
in position of the coarse mode occurring in types H and 1V
histograms could be caused by fluctuations in the intensity of
currents high in the water column that distribute silt-sized particles.
This could explain why the coarse mode ranges in position
throughout the very fine silt to coarse-silt runges (6.35 to 63.0 um).

Conclusions

Iimited data are available, but 1t appears that mid-depth
currents are the most likely factor in modilying grain-size
distributions. For this reason. the deposition of Arctic Ocean
glacial-marine sediment should be viewed as a complex process
dependent on (1) the velocity and depth of currents in the water
column. (2) the original grain-size distribution and time of release
of ice-rafted sediment, (3) the rate of ice-rafting, and (4) the
bathymetric configuration of the basin.

It we accept these variables. the four types ot Arctic Ocean
glacial-marine sediment in the surface samples are explained in
terms of vaniations in the relative proportion of jee-ralted. medium-
to coarse-silt that reaches the sea floor.

Type 1 Sediment. The deposition of normal pelagic and
glacially denved clay and fine wilt (fine mode) s convidered
constant over the entire basite. For deposition of type Lsediment to
take place. the rate of input of ice-rafted silt must be high enough to
reduce the proportion of normal, well-sorted pelagic and glacuatly
dernved fine matenial comprising the fine mode so that &
distribution exhihiting httle evidence of sorting results

Type 11 Sediment. Marine processes have greater impact on
tvpe U depostts As the coarse-sediment pacticles lall through the
water column. portions of the medium- to coarse-silt aize classes are
separated trom the coarser st and sand by currents that range n
intensity Some of the silt i distributed by these currents and may
he deposited with ather coarse sediments to farm type 1V deposits
The silt particles that are too latpe to be distnbuted are deposited
on the sea oo along with pelagic and plactathy derpved clavs: this

results in a bimodal distribution. Thus, the fine mode consists of the
pelagic and glacial clay and fine silt that are deposited uniformly
over the central Arctic Basin. The coarse mode 1s composed of
particles too large to be distributed by currents higher in the water
column.

Type II1 Sediment. For clay-rich, type HI sediments. the
amount of ice-rafted debris is small in proportion to the amount of
clay being deposited. The fine mode dominates the distribution,
which suggests that the rate of ice-rafted silt influx was reduced
during deposition of these sediments. Another possibility is that the
rate of deposition of ice-rafted silt may have remained the same, but
coarse material was diluted by an increase in the rate of deposition
of fine-grained pelagic sediment. The addition of fine material.
diluting the coarse-silt fraction. results in a histogram exhibiting a
mode in the clay fraction. The additional fine sediment may be
combined pelagic and glacially derived clay and fine silt or may be
sediment transported by turbidity currents,

Type IV Sediment. Type IV sediment is the result of the
deposition of a proportionally large amount of medium to coarse
silt. In some places, this may result from the removal duning
sedimentation of fine particles or the addition during sedimenta-
tion of medium to coarse silt separated from type 1l sediment
particles by currents in the water column. A more likeh
explanation for many type IV deposits of the Canada Abyssal Plamn
is that the well-sorted silt results from deposition at the distal end of
turbidity currents. Campbell and Clark (1977) have discussed this
type of deposit.

Summary

The bimodal distribution characteristic ol tvpe 1 gplacisl-
marine sediment (and shown by many samples of type Lsediment)
suggests that the clay-sized to fine=silt-sized fraction and the
medium- to coarsessilt-sized fraction of Arctic Occan surtface
sediments are deposited on the sea floor by stightly: different
mechanisms. Normal petagic and glacially derived tine matenial ane
distributed uniformby over much of the central Arctic Basin This
distribution results in the deposition of sediments that mahke up the
fine mode that is observed in most Arctie sei-floor sediments and
all Fast Pacific pelagic clays that were analvzed. Medium- to
coarse-silt grains are distributed 1o a lesser extent owing to then
targe dameters.

Deposition of coarsesstlt grains s a funchon ol several factors
Ivpe I sediment is the least aftected by marine processes. whereas
tvpe 11 sediment appears to have been altered shightly by manine
currents that removed the tine-silt-fraction, which resutted an g
bimodal histogram. Type H1sediment results from ncreases in the
relative proe - gons of normal pelagic and placialhy denved ol
and fine silt. and type 1V sediment is the result of an imcrease inthe
relative proportion of medium to coarse st The soutce of the
additronal silt may be glacial ice-rafting or turbiditny currents

The cffects of the reworking of Arctic Ocean sediments by
hottom currents are believed to be minimal because of conustentiy
low current velocities reported for the central Arche Basimand the
compacted nature of glacial-manne sediments This conclusion s
supported by the variation in the size classes included in the coarse
mode observed in the silt-clay distributions of types 11 and 1V
sediments. The lack of unconformitics and of stratification in the
Arctic cores also suggests that traction currents do not play a magor
role in Arctic deep-sea sedimentation

|
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COMPARISON OF ARCTIC SEDIMENT WITH OTHER
GLACIAL AND NONGLACIAL SEDIMENT

Introduction

The Arctic Ocean textural categoties (I to IV) were compared to
non-Arctic glacial-marine sediment, terrestrial glacial tlls, and
deep ocean pelagic clay to determine similarities and differences.
Our purpose was to determine if the Arctic textural categories were
unique or the same as those developed in the non-Arctic
environment.

Non-Arctic Glacial-Marine Sediment

To provide comparative textural data from non-Arctic. high-
latitude seas, 106 samples of sediment described in the Initial
Reports of the Decp Sea Drilling Project and the core descriptions
of the USNS Elranin as having glacial-marine or ice-rafted
origins were obtained (Laughton and others, 1972; Talwani and
others, 1976 Kulm and others, 1973; Frakes, 1971 Goodell, 1965;
Goodell. 1968). Twenty-one samples of glacial-marine sediments
also were obtained from Kara Sca cores deseribed by Andrew
(1973). Inclusion of these data makes it possible to develop a more
generahzed detimition of glacial-manne sediments and compare
depositional processes i Arctic and non-Arctic marine environ-
ments

Sediment samples analyzed in this phase of the research were
selected on the basis of information contained in core deseriptions
supphied in the references listed above. The eriternia used to select
samples of glacial-manne sediment were poor sorting, lack of
primary sedimentary structures, presence ol clasts or “pellets”
(Ovenshine. 1970). abundant coarse sift and sand. and the
occurrence of erratic pebbles desceribed in the core Togs as being of
ghacial ree-rafted ongin. The geographic location of the cormg ate
was also conmidered. Sites selected are near past or present soutces
of glactal ice. Samples were analyzed trom nine cores. Cores were
taken trom the North Atlantic Ocean, Gult of Alaska. Greenland
Scea. Weddell Sea. Southern Indian Occan. Ross Sca. Belling-
hausen Sea. and Kara Sca. The latitude. longitude, depth. and
length of each core sampled during this part of the project are
histed 1n Appendix 1F.

The silt-clay grain-size histograms developed from these
samples showed three histogram types simslar to Arctic Ocean
sedement histogram tvpes 1L and IV Another histogram type
not found i any of the Arcnie Ocean sediments also occurs thg
44) The mean statistical parameters and relative proportions of
gramn-size fractions  for the non-Arctic sediment types are
summanzed i Fable 6 In this table all samples were grouped
together to provide statistically sigmifscant numbers ot cach
sediment tupe This groupmg of data makes interpretations of
depositional envitonments  represented by andmadual cores
dithicutt However. the main purpose ot this part of the project was
to  obtwin  textural  analvses  of  non-Arcue sediments tor
compatative pusposes tather than toanterpret imdadual Cores

Companson of the mean statistical parameters tmean gran
size sorting cocthaent, and mean percent coarse particles) at the
095 conhidence level indicated that siembcant ditferences were
tound between Arcthic Ocegan sediment types HEand IV Gind similag
histograms constructed tor non Arctic sediments For Arctic and
non- Arctic tvpe Daediments the corting coethioents and coatse

WEIGHT PERCENT
1

70
O -
T T - T T T
MCRONS 0B8] 100 200 400 BU L) Erav ta
Pr " L) .
- Cuav - B (S o aust
GRAIN SIZE

Figure 44. Typical silt-clay grain-size histogram (sample E27-12, 190 to
193 cm) representing a poussible fifth sediment type found in some non-
Arctic cores. Statistical tests revealed that histograms of this type were not
significantly different from non-Arctic type 111 histograms.

pereentages were significantly different (1 - 221 and 7 32 compared
to a critical value of 1.98): however, mean gram sizes were not
significantly different (€= 1.69). Overall these statisties suggest that
the Arctic and non-Arctic type 1 sediments are sigmiticantly
different but related

A hith histogram type. somewhat similiarto Arctic type HIL was
tound in several non-Arctic cores (E27-12, 112-6. NK 110, and
NK15). Histogranms of this type. ilfustrated in Frgure 44, exhibir g
unimodal distribution. The mode s in the 314- to 10 0X-pym
(coarse-clay to finc-silt) range. Mean values of mean gram size.
sorting  coetticient, skewness coetficient, and  pescent coarse
particles for the possible fifth histogram type were tound to be
intermediate between those parameters deserihing non-Arctic
sediment types HE and IV Statistical tests companng the mean
parameters of non-Arctic type I'V and the possible fitth sediment
tvpe suggest that these two tvpes are sigmificanthy ditferent This
was expected since the possible Hith tvpe appeared to be most
closeh related to tvpe U histograms. The ttest values  caleu-
lated tor compansons ol sediment type T and the posable titth
sediment e hased on mean grain sizes sorting cocthaent. and
skewness  were 19X 107 and 126, respectinely  These vidues

TABLE 6. NON-ARCTIC LAUCTAL MARINE SEDIMENT JYEEG, MEAS DA TTeAT
PAKAME TERS AND EELATIVE PROPORTIONS b CRAIN 101 VEA DTN

Mean Vadue.
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are less than the critical value of 2.03, which suggests that the two
sediment types are not significantly different.

Bimodal histograms similar 1o Arctic Ocean type 11 silt-clay
distributions were not observed in any of the non-Arctic sediment
cores,

As a group, silt-clay distributions for non-Arctic sediment tend
to have lower mean grain sizes than their Arctic counterparts. In
addition, non-Arctic sediments generally are better sorted than
Arctic sediment types

Glacial Tills

The comparison of Arctic glactal-marine with nonmarine
glacial tills was accomplished by using samples trom the upper
Plewstocene (Valders) tills collected tn castern Wisconsin, | he ease
of sample collection motivated this choice.

Most of the Valders tills collected exhibit poorly sorted grain-
size distnbutions (Fig. 45; App. 1C). In many of these poorly sorted
histograms, a defimite mode occurs in the fine- to medium-silt range
(Fig 46). This type of histogram has some similarities to the grain-
size distributions of both ty pe Land type IV Arctic Ocean sediment.
Fvamination of the mean statistical parameters and coarse, silt,
and clay mean percentages (Table 7) indicates that the tlls are
somewhat similar to the nonsorted type I sediment. The significant
ditterences between the Valders till and Arctic tvpe | sediment
probably are the result of higher contents of silt and coarse
sediment for the tills

East Pacific Ocean Pelagic Clays

T he importance of the clav- to silt-sized material in the Arctic
was i lactor an the selection of nonglacial, manne sediment for
companson. The Fast Pacific pelagic clavs were used beciause of
similar textures

Samples o) pelagic clay collected trom the Fast Pacific Ocean
exhibit gramn-size distributions (Fig. 47) and mean statistical
parameters (Table 7) similar to those found for Arctic Ocean
surface sediment tvpe 1 (Table 70 App. 1), The Fast Pacific
pelagic clays are characterized by a unimodal distribution having a
strong mode 1n the medium- to coarse-clay fraction and a coarse
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Figure 45. Rectangular silt-clay histogram for s sample of nonsorted
gacial till of late Pleistocene age (Valders till sample 119). This histogram is
similar to central Arctic Basin type [ histograms.
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Figure 46. Unimodal silt-clay grain-size histogram representing a
sample of silt-rich glacial till of late Pleistocene age (Valders till sample
011). This histogram is similar to central Arctic Basin type IV histograms.
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Figure 47. Typical unimodat silt-clay grain-size histogram representing
an East Pacific Ocean pelagic clay (sample Mn74-02-12-2). Note the made
in the medium- to coarse-clay (1.26- to 2.52-um) range. This mode is similar
to the fine mode described for central Arctic Basinsediments of types 11 and
1n.

tail i the wilt range. The mean gram sizes of the pelagic clay and
type HE sediments of the Canada Abvssal Phain are similar - The
standard deviation of the mean grinn size of the pelagic clavs s
lower: this probably indicites i <hghthy more umtform depositional
process Inaddinon, the sorting-cocthaent standard deviations ol
the two sediment tvpes are different with the pelagic clasvs being
less vattable The occurrence ot o pronounced mode i the clay
fraction of hoth sediment types resulta m simndar mean shewness
vitlues

Discussion
By combinmng data tor cach sediment tupe from all mine non

Arctic cores, penetal mterpretanons of averape Arcne and non
Arctic sediments can be discussed

T
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TABLE 7. MEAN STATISTICAL PARAMETERS AND RELATIVE PROPORTIONS OF GRAIN SIZE
FRAUT LONS PUR SAMPLES OF VALDERS CLACIAL TILL AND FAST PACIFIC OCEAN CLAYS

Mean Values

Sediment :;‘:?n Sore- Skew- B A 7
’ o $i Jlav Nero
type aize tog ness Codtrse Sitlt Clay (
valders till 14.9 125 0.9 [P 51.7 15,5 7

East Pacific

Ucean pelagic

vlay 4.9 L 0.4 ol 1.4 bY. b 12
East Pacific

Ucean hemi-

pelagivc clav f.5 7.6 1.1 0,2 469 52,9 )

Valders cill ERR) 1.y 1) 1.4 4.9 4.8
kast Pacitic

Oeean pelaylc

v lay .4 [} 0.1 0.1 | I
Fast Pacitic

Ocean hemi-

prlagic clav (LN} 0.6 0.0 0.0 2l 23

The fine mode that characterized the Arctic Ocean glacial-
marine sediments and Fast Pacific Ocean pelagic clavs was not
vbserved in other non-Arctic histograms. This fine mode s
assumed to have resulted from deposition ot well-sorted clay and
fine silt. In Arctic Ocean sediments. the fine mode 1s composed of
normal pelagic and glacially denived  fine particles that are
distributed uniformly over the enclosed basin. In Fast Pacific
Ocean pelagic clays. the tine mode consists only of pelagic fine
sediments.

A marked depth difterence exists between Arctic and non-
Arctic depositional environments represented i the cores that were
sampled. With the exception of the Southern Indian Ocean.
Weddell Sea. and North Atlantce sites (E37-7. F12-6, and DSDP-
1), the non-Arctic cores were collected from depths less than
1.500 m_ The shallowest depth from which an Arctic Oceuan core
was taken was 1860 m. The non-Arctic cores were also collected
from locations near large sources of glacialice and may have been
directly beneath floating or ground ce during glacral advances

Comparison of tvpe T histograms representing samples trom
the three deep-water. non-Arctic cores with histograms from | ast
Pacitic Ocean sediment samples (Fig 45) of posable hemipelagic
organ (Margohs and others. 1979) revealed that these sediments
have similar wilt-clay distnibutions Hemipelagie sediments consist
of varving proportions of pelagic and terrestnal components A
complete discusstan ol henupelagie epvironments s piven by
Shepard (1939) The simibanty of Fast Pacihie Ocean hemipelagic
clavs uand type HI sediments n the deep-water, non-Arctic cores
suggests that deposition ot clav-rich sediment in the Weddell Sea.
Southern Indian Ocean, and North Atlantic Ocean mav be
controlled by hemipelagic processes other than placalice-tafting

The poorly sorted. non-Arctic tvpe Tand tvpe IV sediments
found in the cores fromthe shaltow water continental shell regons
of the Ross Sea. Belbinghausen Sea Kara Sca. Greenland Sea,and
Gult of Alaska are assumed to he ot ice-tatted onmin. Anderson and
others have descnibed continental shelt glacisl-manine sedimenta-
tion i Antarctica tAnderson 1972 Anderson and othess, 1977,
1977h Keltoge and others, 1979) These authots recopmized three
types of continental shelt glacal-manne sediment orthontlls
componnd paratilis and readoal paratilis T s impaortant 1o

emphastze that this classihication sastem probably apphes only 1o

continental shelf glacial-marine sedimentation. Deposiion of
Arctic Ocean, decp-sea glacial-marine sediment v assumed to
occur in a different manner because of the increased importance of
marine processes in distribution of fine-grained glaciad and pelagic
sediment.

Anderson and others (1977b) descnibed compound paratidls as
sediments enriched in silt and clay transported by manine currents
For the non-Arctic continental shelt glacial-manne sediments.
compound paratills may be represented by type HE histagrams
Non-Arctic type 1V histograms may represent tesidual paratills
which Anderson and others (1977b) have described as winnowed
muddy sands produced by the removal of sili-sized particles by
bottom currents. Orthotills are nonsorted, nonstratified manine
sediments derived directly from melung grounded ghacial ice
{Anderson, 1977b). This original, unaltered matenal may be
represented by non-Arctic tvpe | histograms.

An assumption essential to this classification scheme and to
much of the hiterature on Antarctic continental shelt glacial-marnne
sediment is that the original grain-size distnibution of sce-ratred
sediment is known to be consistently nonsorted and represented by
the rectangular type L histogram. I glacial e ratted sediment has
properties simifar to continental tills. as has been suggested by
Barrett (1975). the assumption that the ongimal gran-aze
distributions of glacial sediments e unitform appears to he
mcorrect. Textural analyses of tlf (Grossand Moran, 1971 Drake.
1971) indicate that arcal and vertical varimtions i tfl graim-size dis-
tributions do occur. In addiion, the relative proportions of sand.
st and clay i nfls show great vanabiity (Flint, 1947) In part. the
gram-size distributions of tlls ire determined by the nature of the
landscape that the glaciat ice overndes (Gross and Moran, 1971
tar example. glacial abrasion of igncous terrane resubtan ulls with
high proportions of gravel- and sand-wized particles. Clays doma-
nate tli depostted by glaciers that erode shale and hmestone (Fant,
1947) 1ol samples from castern Wisconsn (Valdess 1]y extabted
vartable silt-cliay distirbutions, as allustrated in Figures 45 and 46
The fact that Arcticand non-Arctic tvpe I graim-size histograms e
simular suggests that rectangulat nonsorted silt-clas histograms do
not necessanly represent the gran-size distributions of unaltered
glacial e ratted sediment
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Figure 48. Typical silt-clay grain size histagram representing sn easl
Pacific Ocean hemipelagic sediment (sample Mn74-02-13A-1). This
histogram is similar (0 those constructed for non- Arctic tvpe 111 glacial-
marine sediment,




SEDIMENT MAPS
Introduction

Clay minerals tn the marine environment are the result of
transportation trom a terrestnial source to the ocean as well as
dia senesis at sea and in the sediment.

Clay minerals in marine sediment have received considerable
attention recently because of the availubility of samples provided
by the Glomar Challenger and the Deep Sea Drilling Project.
Miilot (1970) summarized much of the early work on marine clays
and concluded that dilferential sedimentation rates and diagenesis
may be the most important factors in explaiming alteration of
terrestrial material in the manine environment. Gorbunova (1976)
described the distribution of clav minerals in the Pacific both
geographically and for the Miocene to Holocene interval. She
reported inverse changes in Miocene to Holocene montmonilionite
and chlorite abundances and mapped the Pacific distnibution ot
clay minerals. Gorbunova showed that chlonte was concentrated
along the North Amencan, Aleutian, and Japanese coasts and was
absent in the equatorial Pacific. In the North Pacific. kaolinite was
shown to be of little significance. These data are in harmony with

40 CLARK AND OTHERS

most reports tor other oceans of the world (for instance. the
summary of Millot, 1970).

Arctic ()cean

To compare the kinds and distnbution of clay minerals in the
Arctic Ocean with those of other occans. the upper few centimetres
of several hundred centtal Arctic cores were studied by X-ray
diftraction. In addion. data for the shalfower, shelt ocean of thi:
Canadian Wands and Alaska were included (Berry and Johns,
1966. Naidu and others, 1971, 1972, 1974, 1975). These data have’
been compiled into a sertes of clayv-muneral surface maps (P ) te
Tyand a clastic pereent map (PL8) tor the Amerasian Basin. Thiss
the tirst compilation tor the central Arctic Ocean

Apparent from the maps of kaolinite. White. and chlonte (Pls 2
to 4) 1s that the abundance pattern is similar to that of most of the
worlds oceans All three clay minerals are most abundant 1n the
shallow-shelt, nearshore areas of the Alaskan coast Chlonite (P 4)
has 1ty preatest concentration on the shelves of Greenland and
Alaska: this probably reflects proximity o igneous weriane from
which it was weathered. Limited data are available tor vermiculite
and the mixed-lavered clays (Pls. Sto 7). but aninteresting pattern
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cordillern, sediment types 11 and 111 are more shundant.

Figure 49. Geagraphic distribution of central Arctic Ocean surface sediment types. Sample locations and sediment types are indicated by roman
numerals. Water-depth contour interval equals 1.000 m. Type | sediment dominates the crest region of the Alpha Cordillers. On the southern flank of the
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along the topographically high Alpha Ridge 1s significant. Because
most of the clay minerals were transported by glacial ice. a random
pattern might be more easily explained. Diagenesis along the Alpha
Ridge may have been the reason for the patterns.

The clastic percent map (Pl 8) shows a definite belt of coarse
material along the Alpha Ridge. This may be a residual etfect of
unaltered sedimentation. whereas the low clastic percent in the
Canadian Basin probably reflects masking by the distal (and finer)
ends of turbidites (Campbell and Clark, 1977) Alternately. the
circulation pattern of the Arctic ice pack is such that large.
sediment-laden icebergs such as T-3 have consistently passed along
this route and deposited a higher percentage of coarse sediment.

Because of the glacial-marine nature of the sediment. the maps
are unique, and there are no real comparisons. Data from the
Furasian Basin will be of greatest comparative interest.

GEOGRAPHIC DISTRIBUTION OF SURFACE-SEDIMENT
TYPES IN THE ARCTIC OCEAN

The geographic distribution of glacial-marine surface-sediment
types (1 to IV)in the central Arctic Basin is shown in Figure 49.
Sediments of tvpes | and 1l predominate in the region of the Alpha
Cordillera The occurrence of these sediment ty pes indicates that
the input of normal pelagic sediment is relatively low and that ice-
rafting is the major depositional process contributing sediment to
this region

At the crest of the Alpha Cordillera. near the castern boundary
of the central Arctic Basin, type | sediments occur most frequently
Attwo sites inthis area, tvpe IV sediments are found. Deposition of
type [V sediment requires input of a large relative proportion of silt
In the case of these two samples. the silt mode appears to be
superimposed on a poorly sorted silt-clay distribution similar to
tvpe 1. This histogram shape suggests that the rate of influx of ice-
ratted silt was high at those two sites: thus, the medium- to coarse-
si-sized ‘raction diluted the pelagic and glacially dernved clay and
fine sift that 1s deposited more or less uniformly over the entire
accan basin Dilution of the fine traction reduces the fine mode in
the silt-clay histogram  relative to the  coarse-wilt fraction.
Theretore, the coarse mode. composed of particles unmoditied by
marnine currents, dominates the histogram. The high rate of influx
of ace-rafted sediment on the crest of the Alpha Cordillera,
suggested by the occurrence of sediment types Tand IV, s supported
by the higher pereentages of silt and coarse matenal showr for this
arca in Figures S and SI

To the west and south of the Alpha Cordillera crest. the
trequency of occurrence of type 11 sediment increases. while the
pereentages of silt and coarse matenal shownn bFigures S0 and 51
decrease  These trends suggest that the relative proportion ol
glaciab ice-ratted st s not as great in this arca as o the cast Tarpe
relatine proportions of glactal wce-ratted silt mask the moditication
ol stlt-clay distrthutions cavsed by mid-depth oceanme cusrents A
decrease in the rate ofinput obice-ratted silt allows modihications ol
silt-clay distributions to become more apparent Thus sediments
with bimodal histograms are observed more frequentis

A possihle cxplanation tor the suggested higher rates of influx
of 1wce-rafted wilt and coarse sediment in the castern portion of the
Alpha Cordillera may be that the present source of the webergs that

transport glacial debris across the central Arctic Basin e the

continental glaciers of Greenland and Ellesmere Island (Schwar-
racher and Hunkins. 1961). Since the concentration of sediment-
bearing icebergs is likely to be higher near the source of glacial e,
the rate of sedimentation of ice-rafted debris might also be expected
to increase near the ice front.

The widespread distribution of turbidites in the sediments of the
Canada Abyssal Plain (Campbell and Clark, 1977) may explain the
occurrence of sediment types 1 and IV an this region Turbidiny
currents are responsible for the deposition of fine-gramed matenial
at high sedimentation rates (Clark. 1970). Type Hl sediments of the
Canada Abyssal Plain have sigmficanty lower mean grain sizes,
better sorting. lower skewness, lower silt and coarse contents. and
higher clav content than those of the Alpha Cordillera Thas
evidence suggests that the influence of ice-rafted silt input ot the
Canada Abyssal Plain has been reduced by an influx of fine-
grained sediment associated with turbidits current deposition
(Bouma and Hollister, 1973). The rapid influx of such fine-gratned
sediment dilutes the ice-rafted coarse sediment and results 1ina
type [ sift-clay distribution. In addition to pelagic fine matersal.
turbidity currents also deposit lavers of well-sorted silt on the
Canada Abyssal Plain (Campbell and Clark, 1977} These sl
lavers are probably represented by type IV histograms The tvpe IV
stlt-clay distributions of Canada Abyssal Plamn sediments show
better sorting than those of the Alpha Cordilleris ind thus retlect
dilution of ice-rafted sediment and pelagic class caused by high
rates of input of turbidite silt.

The type 11 sediments that predomimate in the Chukchy
Abyvssal Plain Arhiss Plateau arca have mean statistical parameters
and relative proportions of coarse-. silt- and clay-sized particles
intermediate between those of the Canada Abyssal Plam and the
Alpha Cordillera. These characteristics may indicate dilution of 1ce-
rafted coarse silt by influx of fine silt and clay carnied by turbidaty
currents origiating on the Chukchi Shelf. The effects of dilution
by tine turbidite matenial on the Chukchr Abyasal Pl do not
seem to be as great as for the Canada Abvssal Plian Chukehn
Abyssal Plam type HI sediments are coarser and less well sorted
than their Canada Abyssal Plain counterparts Perhaps the input
rate of ice-rafted coarse st s greater or the rate of turbidite
deposttion is lower on the Chukchy Abvssal Pl The presence of
tyvpe 1 (himodal) sediment in this bathvmetric province suggests
that deposition of 1ce-rafted medium to coarse silt modihied by
currents in the water column may be locally heavy in relationto the
proportion of clayv- and fine-silt sized turbidite

The major anfluence of sutface currenmts on glacal-manne
sedimentation s through the dispersal of sediment-Laden webergs
Movement of the Arcticce pack and accompanving placial bergaas
largely determimed by surface arculation patterns The widespread
occurrence ol sediment tvpes Land 1T and high percentages of sl
and coarse grains suggest that surface arculation patterns disperse
we-tafted sediment to all arcas of the cential Arene Basyin The
presence of tvpe T sediment suggests that mid-depth cutrents
maodity the silt-clay distributions of sediment setthng through the
water column. This sediment type s assumed to be at sites where
the rate of influs of glacial e rafted it low enough to allow the
effects of weak or fluctuating mid-depth currents to be noticeable
Although these nud-depth occamc currents undoubtedly attect
sedmmentation, as do surface currents, no ssstematic vanation in
the geographic dintnibution of sediment tvpes can b directiy
cxplinned i terms of occan arculistion as descnibed by Coachman
and Aagaard 11974y and Hunkins and others (1969
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Figure 50. Geographic variation in the relative proportion of coarse sediment. Sample locations are indicated by closed circles. Water-depth contour
interval equaly 1,000 m. Contour interval for the coarse percentage equals 5. The percentage of coarse-sized particles decreases to the west and south of the

crest of the Alpha Cordillera.

LATE CENOZOIC LITHOSTRATIGRAPHIC UNITS AND
GLACIAL-MARINF SEDIMENT TYPES

Introduction

To compare modern glacial-marine sediment with sediment of
stratigraphi. umits A to M. graun size distributions were determined
tor 191 sazaples from eight 1-3cores. The cores used in this phase of
the project were selected to provide representative coverage of the
120.000-km’ area over which the hthostratigraphic umts are
recognized

Seven of the cores used 1 this phase of the rescarch were taken
from the crest and southern flunk of the Alpha Cordillera in water
depths ranging from | 860 to 3280 m. [he cighth core was taken
trom the northern slope of the Chukchi Rise at a depth ot 1431 m
Cores from the Alpha Cordillera Chukchi Rise region were select-
ed because the hithostratigraphic tramework applies best to the
arca

Two bhasic Iithologies trom the cores included wilty lutites 1in
unis ALB DUF GoL XK oand Mand arenaceous lutites mumts C F

H. and I
coarse material. abundant guthigeme ferromangancse particles,
relatnvely high abundances of Foramimitera tests, and extensine
burrowing. A low mean sedimentation rate of 0 Smm- 1000 was

Silty Jutites are characterized by low percentages of

calculated for these umits Sediments of textural tpes Hoand 1N
oceur most frequently i sty lutite units

Arenaceous Jubtes tvpcally have highes percentages of coarse
matenal have fewer Foramimifera tests and ferromanganese parti-
The average sedimentation
rate of arenaceous lutite asers isabout Yo mm LM v Sediment
npes T and IV occur most tregoentiy in these urits

Alb of the sediment types desenibed trom surfac o simples aceut
at depthoan the Arctic cores as well Mean values of the statistical

cles, and are less extensinels burrowed

parameters and relative proportions of pran-size fractions for the
down-core sediment tvpes are sammanized i Lable & Compan-
sons of the mean values for sortinpe cocthicient, pereent coarse patth
cles, and mean pran size were made between down core and s
tace sediment types at the 099 contidence level This comparison
shows that sigmificant ditferences do not ocour between down core

and surtace sediments of tupes 11 and T on the Alpha Condild
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Figure 81. Geographic variation in the relative proportion of silt-sized particles. Sample locations are indicated by closed circles. Water-depth contour
interval equals 1.000 m. Contour interval for the silt percentage equals 109 . The percentage of silt-sized particles decreases to the west and south of the

Alpha Cordillera crest.

lera Sigmiicant ditferences in the mean sorting coctficients and
mean gram sizes of down-core and Type IV surface sediment were
suggested by the ttest These ditferences probably reflect sampling
error due to the small number (2) of type IV surface samples onthe
Alpha Cordilicra and are probably notindicative of actual ditter-
ences 10 the texturad characteristic of tyvpe 1V sediments

Stratigraphic Distrituition of Sediment 13 pes

T'he relative proportions of the four sediment types i cach ot
the P stratigraphic units are shownn Table 9 Although none of
the units are haracterized by g single sediment type. generld teeads
allow anterpretations regarding the depositional envitonments
represented by the umits

The most common sediment in the cores i tpe |
most abundant in 9 of the 13 stratigraphic umts

Forunmtc AL Co o F Hoand 1 sediment tvpes [and 1V are
dominant With the excephion of umits A apd b othese umits are
arenaccous lutites The suggestion that arenaceons futites represent
we-tafting v supported by the

Thic i the

penods of ancreased  placial

dominance of tvpe Fand type IV sediments that are behieved 1o
result from refatively higher influy rates ot we-ratted, mediam to
coane silt

Pmts A and | somewhat thes
predominantly sty lutite units dominated by sediment types Tand
IV The occurrence of sediments representing high mus rates for
we-tatted coarse it an statigraphic units assumed to represent
periods of reduced glacial e rafting seems contradictors This
may be the result of the thin arenaccous lutites inumts Aand | In
fact. umt F commonly 18 arcnaccous i ats upper pant

The silty lutite units, B, CLGland Toare domimated by tvpe |
sediments in combmation with esther 1y pe 11 o tpe 1 sediment
The absence of siltin type HI histogramamphesalow rate of input
The combination of sediment tvpes Land HEn

are anomalous since are

of we-ratted ilt
units Y and 1 osoggests that anput tates of acesratted sediment
generally were lower duning deposition of these umite

In units B and G, sediment tvpes Fand 11 are domimant 1The
presence of type sedimentaom these umtamplies thatsce-ratting of
sl was the major depositional process The presence of tvpe 11
sediment suggests that maud-depth occan currents with intengties
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TABLE 8. ARCTIC OCEAN DOWN-CORE SEDIMENT TYPES; MEAN STATISTICAL
PARAMETERS AND RELATIVE PROPORTIONS OF GRAIN SIZE FRACTIONS
Mean Values
. Mean . .
Sed iment rain Sort- Skew- 1 2 X No
tvpe & ing ness {oarse Silt Clay "
size
1 1.7 13.2 1.2 13.6 51.2 35,1 74
I 13.0 14.6 1.2 13.8 50.2 6.3 42
1881 3.9 ir.9 1.2 12.4 4t 46,2 35
v LI 4.7 0.7 6.6 9490 24,2 35
Standard Deviations
1 2. 2.0 0.1 1.3 5.1 .5
I 2.4 2.1 0.2 6.7 5.0 9.8
e 1.7 2.2 0.1 6.1 5.8 .1
v 2.9 1.6 [V R.& 7.3 .U
TABLE 9. RELATIVE PROPURTION OF FACH ARCTIC OCEAN GLACIAL-

MARINE SEDIMENT TYPE IN EACH STRATICRAPHIC UNIT

Tnit Y Tvpe

1 T Type 11 L Tepe 111 T Type IV
A Wl.6 5.0 14,2 JiH
B bh. b R (R [SIOIA)
[N hlh [N 2.5 12y
] 50,0 136 2207 13.h
¥ 0.0 NIV 0.0 ML
¥ R 00,0 000 41.6
b 8.1 sl Y.h 14.3
H ERIS.] iH.8 0.0 3705
i YOURH 5.4 RS 15.8
! TRUK 11.8 5.4 3.5
K 2hla .7 BlR OO0
1 h.2 7.5 2.0 LN
M 1.8 47.0 3,2 5.8

great enough to distribute medium to coarse silt played a role
Perhaps the Arctic Ocean ce pack was thin while units B and G
were bemng deposited: this would allow high rates of ice-ratting
and ancreased wind-drven current velocities For umt Goothis
hypothesis v supported by the  occurrence o abundant
Foramimitera tests that may also mdweate thin ce cover

Units K. T and M oare unusual i that they have the lowest
relative proportions ot tvpe [ osediment Unas K oand M oare
dominated by sediment tvpes 1Eand THL The presence of tvpe 111
sediment suggests that intux rates tor ace-ratted st were tow
Retatively high mud-depth current velooities are sugpested by the
occurrence of tvpe N osediment Tf the Arctic we pack was thin
duning deposition of these units. which would allow wind-driven
circulation s et toancrease, anmincrease n the tate ofee-ratted
sediment int, The presence of tvpe 1
sediment and absence of sediment types Tand TV sugpest that this

nght alvo be expected

was not the case An alternate explanation s that the high el
proportion of we-ratted mediam to coarse silt that occur< i man
Arctic sediment units masks the ofects ot mud-depth carrens
dilutimp tvpe 3 deposits For umts Koand Mo lower rates aof e
ratted st intluy occurred. as imdicated by sediment tope T this
reduced the mashing citect and made moditications of sltchay
disvtnhutions more apparent

Sediment tvpes 1V and 1 domiate umt 1 These sedimem
topes indicate o high rate ofsce-ratted adtmtluxcand modihication
obce-ratted st distrhations Ut s amadar tounits Band Goan

CLARK AND OTHERS

that the occurrence of dominant sediment ©ypes may be expliained
by high rates of ace-rafting and high wind-driven ocean curient
intensity, made possible by a thin, less ngid Arcticice pack In this
unit, high influx rates of we-rafted coarse matenial are also
indicated by abundant coarse grains and hthic fragments Thince
cover iy alo suggested by the many burrows filled with
Foramimfera-nch sty lutite indicating high biologic productnatn

Discussion

The relationships  between glacial, occamie, and  hologic
processes and glacial-marnine deposition are complex. On the Alpha
Cordillera, silty lutites are dominated by textural types I and 111
Type 11 sediments represent relatively low rates of ice-rafted wilt
influx, whereas the lowest rates of influx for ice-ratted medium to
coarse silt result in deposition of type 1 sediment. In some sty
lutites. however, glacial-manne sediment types Land IV occur and
indicate moderate to high influx rates for ice-rafted wlt. The
presence of sediment tyvpes Fand IV in some silty lutttes. along with
ice-rafted pebbles and sand and abundant Foraminers tests,
suggests  that o relationship  exists  between  Foraminifera
productivity and rates of wce-rafting. Severalauthors (Hunkins and
others. 1971 Herman and O'Neil. 1975) suggested that o thinner,
less nigid Arctic Ocean tee pack mightallow a more rapid dispersal
of sediment-bearing tcebergs across the ocean and resultin higher
rates of ice-rafted sediment deposition. Thinner ice might also
allow deeper penetration of sunlight into the ocean water, tesulting
in greater Foraminitera productivity (Clark. 1971)

For the arenaccous lutites, which are believed o indicate
periods of increased ice-ratting. sediment types Land IV damunate,
and Foraminifera abundances are Tow. This may indwcate that high
rates of glactal we ralting occur when ice cover 18 thick. which
results 1in low Foraminttera productivaty . Another possibibity s
that Foramimfera productivity was high (thin ice) but tests were
dissolved after deposition by bottom waters undersaturated with
respeet to caleium carbonate (Hunhins and others, 1971 Herman
and O'Neil. 1975). A thud possibihity s that high rates of glacial
we rafted sediment influs an the Aretic Ocean resulted in dilutian
of Foraminttera tests by large relaitive proportions of coatse
sediment

GEOGRAPHIC DISTRIBUTION OF SEDIMENT TYPES IN
STRATIGRAPHIC UNITS A THROUGH M

Discussion

Vhe geographic distributions ol the dominant sediment tvpesin
the 13 stratigraphic units are thnstrated in Figures 82 throuph 64
Dominant sediment 1y pes were established through selection of the
tpe or part of tvpes having the highest aelatne abundances
observed for cach umt i cach core

Fhe Alpha Cordillera crestareaos dominated by ivpe sediment
mumts ALBC )
tpes T T and IV were tound however The domimance ot nopel

Tand D Occastonaloccurrences ol sediment

sediment continues on the southern flank of the cordilicra and on
the northern tlank of the Chukch Rise Wadespread domimana of
type | sediment sugpests that moderate rates of placiad e ratted
mediiim- to coarse-silt aintus occurred over the entire stady ey
durnimnyg deposition of these uns Because five of these soven nnats
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Figure S2. Geographic distribution of dominant glacial-marine
sediment types in lithostratigraphic unit A. The locations of the eight cores
used in the stratigraphic analysis are indicated by closed circles. Roman
numerals at each location indicate the dominant sediment type or pair of
types. The numbers accompanying the roman numerals indicate the relative
abundance (percent) of the dominant sediment types. Unit A is primarily a
silty lutite layer.

Figure 55. Geographic distribution of dominant sediment types in
lithostratigraphic unit 1. Unit F is primarily an arenaceous lutite laver.
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Figure S3. Geographic distribution of dominant sediment tvpes in
lithostratigraphic unit 1. Unit D is primarily a silty lutite layer.
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Figure 56. Geographic distribution of dominant sediment types in
lithostratigraphic unit ;. Unit ¢ is primarily a silty lutite layer.
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tigure %4, Geographic dintribution of dominant sediment types in
fithosteatigraphic unit F. U nit F is primarily a silty futite Isver.

Figure £7. Geographic distribution of dominamt sediment types in
tithostratigraphic unit H. U nit H is primarilv an arenaceous Jutite laver.
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Figure 58. Geographic distrit of de t sediment types in
lithostratigraphic unit 1. Unit I is primarily a silty lutite layer.
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Figure 61. Geographic distribution of dominant sediment types in
lithostratigraphic unit 1. Unit L. is primarily a silty lutite laver.
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Figure %9. Geographic distribution of dominant sediment types in
lithostratigraphic unit J. Unit J is primarily an arenaceous lutite layer.

Figure 62. Geographic distribution of dominant sediment types in
lithostratigraphic unit B. Unit B is primarily a silty lutite layer.
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Figure 60. Geographic distribution of dominant sediment types in
lithostratigraphic unit K. Unit K is primarily a «ilty lutite layer.

Figure 63, Geographic distribution of dominant sediment tyvpes in
lithostratigraphic unit €. Unit € is primarily an arenaceous lutite laver.
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Figure 64. Geographic distribution of dominant sediment types in
lithostratigraphic unit M. Unit M is primarily a silty lutite laver.

have been described as arenaceous lutites (C. F. T 1) or silty lutite
containing arenaceous lutite layers (A), the geographic dominance
of type I sediment seems to support the theory that arenaceous
lutites represent periods of increased glacial iwce rafting. No con-
sistent geographic trends in the occurrence of sediment types 1L,
and IV were evident in these units, although the locations domin-
ated by sediment tvpes Il and 11 in units A, B, and L. tend to be
restricted to deeper waters; this suggests lower influx rates for
medium to coarse silt and more effective modification of ice-rafted
silt distributions at depth.

Sediment types ' and 11 appear as the dominant sediments on
the Alpha Cordillera in units D, G, I, K, and M. No consistent
geographic patterns were seen in the distribution of sediment types
for these units. The dominance of sediment types [Tand 11 suggests
that influx rates of ice-rafted medium to coarse silt were lower
during deposition of these units. Lower rates of ice-rafted silt influx
result in deposition of type 1 sediment and may reduce masking of
silt-clay  distribution modifications by poorly sorted coarse
material; therefore. the occurrence of type Il sediment becomes
more apparent. Because units D, G, 1. K and M are silty lutites. the
occurrence of sediment types Il and 11 in these units supports the
hypothesis that silty lutite layers represent periods of decreased ice-
rafting. Occurrence of sediment types 11 and 1] in unit H. an
arenaccous lutite, seems somewhat anomalous. This may be the
result of unintentional sampling of some of the very thin silty lutite
subunits contained within unit H. The subtle changes constituting
subunit boundaries were not considered during the sampling
process.

Summary

The stratigraphic distribution of sediment types I, lL I} and 1V
in the Arctic cores supports the hypothesis that deposition of
central Arctic arenaccous and silty lutites reflects variations in
intensity of ice-rafting. Arenaccous lutite units (C, F. H. 1) usually
are dominated by type 1 se-diment, which is assumed to reflect
relatively high influx rates of ice-rafted medium to coarse silt. The
dominance of type 111 glacial-marine sediment in the silty lutite
units (A, B. D. E. G, I. K. M) suggests relatively low rates of input
of medium to coarse silt. In addition, low rates of ice-rafting of silt

TABLE 10. ARCTIC OCEAN, ALPHA CORDILLERA, SURFACK ANL DOWN-CORE
SEDIMENT TYPES; MEAN STATISTICAL PARAMETERS AND RELATIVH
PROPORTIONS OF GRAIN SIZE FRACTIONS

Mean Values

Sediment  ean Sort-  Skew- 2 B 3 ]

type grain ing ness Coarse Stit Clav N
size o ) :
1 11.7 13.3 1.2 13.7 50,5 3B '
11 13.4 15.0 1.2 14.7 4494 in. 72
111 9.0 12.2 1.3 12.9 40.6 469 4
v 6.6 J4.8 .7 59.3 REN 47
Standard Deviations

1 2.0 2.0 0.1 7.1 5.7 NLR
11 2.8 2.3 0.2 7.3 H.0 7.4
111 1.6 2.1 0.1 6.1 b 6,
v 3.6 1.9 0.4 8.6 7.4 D

and coarse material may make occurrences of type 11 sediment
more apparent in silty lutites.

Some evidence in a few units (A, B. 1) indicates a trend toward
lower input rates for ice-rafted medium to coarse silt and increased
modifications of those sediments by mid-depth ocean currents in
deeper water. No definite geographic pattern was observed in their
distributions, however (Figs. 52 through 64). The absence of
consistently occurring geographic distribution patterns suggests
that conditions governing deposition of glacial-marine sediment
were generally uniform over the study area.

Table 10 summarizes the mean statistical parameters and
relative proportions of grain-size fractions for Alpha Cordillera
surface and down-core sediment types. Abyssal plain sediments
were excluded from this analysis because their textural character-
istics are influenced by turbiditv-current deposition.

LATE CENOZOIC PALEOCLIMATOLOGY
Introduction

The sedimentologic and stratigraphic data tor 1-3 cores
convince us that the dominant process ol sedimentation in the
central Arctic since the late Miocene has beence-rafting, Relating
times of increased or decreased ice-rafting in the central Arctic to
lower-latitude paleochmatology has been more difticult

Major periods of central Arctic glaciation probablv were
accompanied by intenvals of cooler climate in lower latitudes.
However, minor periods of glacial growthin the central Arctic may
not have been recarded in the lower Jatitudes. For example, glacial
ice rafting is common n the modern Arctic Ocean, but lower
latitudes do not reflect this activity to the same extent as the major
periods of Arctic cooling have been recorded.

In the central Arctic we identify six major zones of increased
ice-rafting during the past 1.2 m.y., the interval for which most
comparative lower-latitude data are available (Fig. 65) These
intervals of increased ice-rafting are assoctated with arenaceous
lutite units and pink-white lavers

Arenaceous lutites are present in the older parts of the 1-3 cores
as well, and inunits C. F and H in particular (the lower. middle.
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Figure 65. (A) Arctic sones of increased ice-rafting are represented by (€Y Comparison of Arctic glacial ice-rafting 7ones with Ruddiman's (1971) |
dark intervals, whereas zones of reduced ice-rafting are indicated by white paleoclimatic curve. Dark areas indicate cooler climate at lower Intitudes.
intervals. Increased ice-rafting sones are labeled by occurrence from Figure maodified from Jarson (197%). See test for discussion. (1))

bottom to top in each lithostratigraphic unit. The ages of these sones are Comparison of Arctic glacial ice=rafting 7ones with the paleoclimatic cury e
based on paleomagnetic stratigraphy. (B) Comparison of Arctic glacial derived by Briskin and Berggren (1974: summan in Berggren and \an

ice-rafting sones with the paleoclimatic curve derived by Ericson and Couvering, 1974, Fig. 13, p. 140). Dark sones indicate cooler climate at
Wollin (1968). 1.etters at top indicate low-atitude climatic stages of Fricson lower latitudes. while light 70once indicate warmer climate. See text for
and Wollin. Figure modified from Larvon (1975). See text for discussion. discussion.
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and upper coarse units) and must represent the same activity.
However. most comparative data. particularly those of oxygen-
sotope stratigraphy. appear best defined for only the interval
represented in the Arctic cores by units 1 through M. The central
Arctic data can be compared to both the qualitative temperature
curves (for example, Ericson and Wollin, 1968 Ruddiman, 1971;
Briskin and Berggren, 1974). and oxygen-isotope stratigraphy
(Emiliani, 1966, 1972; Shackieton and Opdyke. 1973, 1976).

Qualitative Paleotemperature

Fricson and Wollin (1968). using cores from the cquatonal
North Atlantic, derived a palcotemperature curve based on the
presence or ahsence of Globorotalia menardii for the past 2.0 m.yv.
Figure 65B illustrates the comparison of Arctic arenaceous lutites
and pink-white layers with increased glacial ice rafting. Of
particular note is the correlation of Arctic zones 11 and M2 with
Ericson and Wollin's vones U and Y| respectively.

Ruddiman (1971) constructed a paleotemperature curve based
on variations in total Foraminifera fauna for the past 2.0 m.y.
These data are denved from several cores {rom the equatonal
North Atlantic. A companison of Arctic zones of increased glacial
ice rafting with this paleotemperature curve is illustrated in
Figure 65C. There is an apparent correlation of Arctic 7one J2 with
the low-temperature sone between ~0.75 and 0.9 m.y. Arctic sone
11 seems to correlate with most of the low-temperature zone
between ~0.4 and 0.6 m.y. The youngest low-temperature sone
probably is equivalent to Arctic 7one M2, This curve is important
because it is similar to several other curves derived for the
Canbbean and North Adantic (Ruddiman, 1971 Berggrenand van
Couvering, 1974).

Briskin and Berggren (1974) used yuantitative changes in
Foraminifera fauna to develop a palcotemperature curve for the
equatorial North Atlantic. A comparnison between Arctic zones of
increased ice-rafting and this paleotemperature curve is given in
Figure 650). Arctic zones 11, H. and 12 correlate with a peneral
rone of low temperature between ~0.86 and 1.23 m.yv. In particular,
Arctic zones 11 and J1 correlate with the temperature mintma at
~1.1 and 0.95 m.y.. respectively. The temperature minima between
0.42 and 0.65 m.y. seem to correlate with the lower portion of
Arctic zone 1.1. The youngest temperature zone s probably
equivalent to Arctic zone M2,

Comparison between Arctic zones of increased ice-rafting and
the three qualitative paleotemperature curves shows a relattonship
between increased ice-rafting in the Arctic and periods of
relatively cooler climate at lower latitudes. This correlation
supports the assumption that Arctic 7ones of increased ice-talting
arc related to pertods of more intensive glaciaton,

A chronology based on both marine and continental sequences
for the late Neogene climatic event was proposed by Berggren ond
Van Couvering (1974). Arctic sones of increased ace-rafting are
compared with North American and Alpince periods of glaciation
tas interpreted by Berggren and Van Couvering, 1974)in Figure 66
Although Figure 66 could be nterpreted to show correlation
between sones of increased ce-rafting (arenaccous lutites, coarse
pink-white lavers) and periods of continental glaciation, such
corrclation 15 weakened because of the poor defimtion of

$'80 ToPDB(%o)

[ | [}
oO~—-b
oOuowmo

o 2

M,

Mo e

L, I

i — 4

BRUNHES

- MRS
I

JARAMILLO

T oo

MATUYAMA
T

OLDUVAI
n

E

AN

Figure 67. Times of increased ice-ralting in central Arctic Ocean (M |
M. T 3.5, 1)and correlation with oxsgen-isotope stratigraphy and
glaciations (2, 6. 810 22) of core ¥ 28-239 of Shackleton and Opdyke (1976).
Older times of increased central Arctic ice-rafting (during . H) shaow e
pronounced correlations with oxyvgen-isotope excursions.
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continental glacial stages. Instead, we think that it is important to
note the more positive marine correlations with oxygen-isotope
stratigraphy.

Oxygen-lIsotope Stratigraphy

Several papers have defined an oxygen-isotope stratigraphy tor
marine sediments in lower latitudes (Emiliani, 1966, 1972;
Shackleton and Opdyke, 1973, 1976; Shackleton and Kennett,
1975). The work of Shackleton and colleagues provides oxvgen-
isotope data on a magnetic stratigraphy baseline. This is important
for our Arctic work for which the magnetic stratigraphy also is
available. Thus, direct comparison of our lithostratigraphic units,
including intervals of increased ice-rafting, magnetic stratigraphy,
and oxygen-isotope stratigraphy of the lower latitudes (Fig. 67), is
possible. The older units of increased ice-rafting in the central
Arctic (units ¢, F, and H) are not dramatically represented by
oxyvgen-isotope data. All of the 0 excursions for lower latitudes
are of less magnitude during early and middle Matuyama time (~2.4
to 1.4 m.y.). Il in pre-Jaramillo time. correlates with an '%)
excursion of about the same magnitude as those of units C, F, and
H. J1. in mid-Jaramillo time, correlates with an unnumbered "0
excursion, but J2 shows excellent correlation with glaciation 22,
which is the earliest glaciation of duration and intensity in both
V28-238 and V28-219. The next major oxygen-isotope recorded
glaciation (16) may correlate with an increase in arenaceous texture
in the upper part of unit K, but LI, representing a major time of
central Arctic ice-rafting. may bhe recarded as oxygen-isotope units
10 through 16. M1 shows less positive correlation but probably is
represented by parts of glaciation 6 and K. M2 correlates with
glaciation 2.

BRecause the evidence shows that ce-rafting was a continuous
process in the central Arctic, 1t is possible to correlate arenaccous
intervals with most of the oxvgen-isotope defined glaciations. The
best correlations (for example. M2 with 2, L1 with 10 through 14.
J2 with 22) are those of most-pronounced Arctic ice-rafting with
significant ™) excursions.

If the oxvgen-isotope stratigraphy s refined tor the interval 1.2
to S my.. addittonal correlations with ice and cemtral Arctic ice-
ratting (C. . H) s possible.,

Summary

Clearly, wce-ratting was the dominant sedimentological process
dunng the past S m v on the central Arcnic Ocean. 1 ower-latitude
misrine sequences should be expected to show more clearly
pronounced chmatic sequences alternately between glaciad and
noglacial climates while the wee-covered Arctic had continuous we-

ratting

CONCILUSIONS

The study of the T-3 cores substantiates the following:

1. Correlation of thin (commonly - § c¢m) sedimentological
units is possible in cores that are 600 km apart.

2. Sedimentation of the silty lutite sediments occurred at a very
low rate, averaging ~0.5 mm 1,000 yr. Silty Jutites makes up most
of the cores below the Matuvama-Gauss reversal, which suggests
that sedimentation rates were low for most of the Phocene.

3. Sedimentation of the arenaceous lutite was at a much
higher rate. probably 2.0 mm 1.000 yr. and possibly much
greater.

4. The approximate ages of the base of the “kev™ arenaceous
lutite units (C. F. and Hyare 29I my.. 192 myv. and 1.17 my .
respectively.

S. The oldest ice-rafted pebble tound is in Miocene sediment
(Normal Interval 5) and was dated at ~5.26 m.y. by extrapolation
from the Gilbert Fpoch § reversal. Paleomagnetics and
sedimentation rates suggest that the oldest sediment recovered has
4 maximum age of 5.62 m.y.

6. The arenaccous lutite 1s predominantly the result of an ice-
rafting mechanism. This mechanism operated at a greater rate or
with more intensity in the late Pliocene Pleistocene than in the late
Miocene early Pliocene.

A major portion of silty lutite also was deposited by an ice-
rafting mechanism. Authigenic, biogenic, and pelagic contiibu-
ttons were probably important.

7. Based on differences in silt-clay histogram shapes. four ty pes
of central Arctic Basin glacial-marnine sediment can be identified
Comparisons of the mean value of statistical parameters describing
the histograms indicated that the four histogram types are
significantly different.

K. The sediment types represented by the sift-clay histograms
reflect vanations i environmental  factors  that influence
deposition of glactal-marine sediment.

9. Ice-rafting appears to have been the domimant mechamsm
contributing sediment to the Alpha Cordillera. This conclusion i
based on the distribution of sediment types in the Arctic Ocean
surface and down-core samples. In deeper-water environments,
such as the Canada and Chukchr Abyssal plains. ice-rafting occurs
but is masked by turbidite deposition

10 The strutigraphic distnibutions of the four tvpes of Arctic
Ocean  glacial-marme  sediment support the hypotheses that
arenaccous futite represents pertods of increased ace-ratung and
sty lutite sepresents peniods of reduced ice-ratting

11 The central Arctic Ocean record s umique Tondicates more
or less continuous ce-rafting tor the last S my - dunng which
alternating glacial and mterglacial chmates atfected the sediment
record ol ower-latitude  oceany Oxavgen-inotope determined

glactal stuges cotrelate with tmes of incicased we-tatung i the
Arctic Ocean
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APPENDIX 1B. SURFACE SAMPLES FROM CORE TOPS USED FOR '

APPENDIX 1A. LOCATION, TOTAL LENGTH, AND WATER DEPTH OF TEXTURAL STUDIES IN ADDITION TO CORES b
CORES, STUDIED IN DETAIL LISTED IN APPENDIX 1A
)
; Water Sample No Water Lo
Core Lat. Long . depth Length P camnl Lat. Long. depth I
No. (m) (cm) core-gsegment-sample (a)
,
; FL 19 83°03.43" 162%49.13"' 3417 277 17-09-1 82°58.99' 159°04.22" 2215 - 1' !
l L 212 8029.59"* 159°37.96" 3642 339 23~-18-1 83°02.09" 163°00.39° 3748 o
; FL 214 80°17.43"' 159°30.94" 3021 335 24-18-1 82°23.02' 162°06.52" 3743 ¢
: FL 215 80°17.25° 159°25.23" 3043 320 28-18-1 80°47.93" 140°21.83° 3708
] FL 216 80°23.69" 157%41.59° 3576 272 29-16-1 80°29.56" 139°48.16" 3709
E FL 218 80°%41.03" 158%21.83° 3654 213 32-13-1 80°58.08" 136°13.01" 3698 3
FL 221 80°32.98' 159°38.89° 3638 493 34-16-1 80°%47.41" 136°54.82" 3675
FL 222 80°29.05" 159%12.69' 3633 450 37-13-1 80°40.97" 137°12.79° 3680 :
FL 223 80°28.35" 159°06.16" 3616 330 39-10-1 80°21.88" 136%46.51" 3680
FL 224 80°27.74" 158°48.81"' 3467 554 43-08-1 80°32.58"° 134°23.56" 1632
FL 225 80°29.63" 158°42.84" 3610 495 90-14-1 80°31.94"' 135°41.72" 3658 ‘
FL 227 80°50.09" 158°25.18°* 3641 335 54~10-0 76°34.87" 138°06.65" 3605 g
FL 228 80°49.25°" 158%49.43" 3632 342 63-07-1 76°12.85' 142°02.91" 3707 )
FL 268 83°16.32" 152°58.48"' 3062 348 65-15-1 79%33.23" 1641%64.21" 3709
FL 269 83%14.31" 153°13.96"' 3097 302 66-16-1 75%28.28" 141%14.00° 3703 1
FL 270 83°11.18' 154%00.77" 3280 351 69-13-T 79°35.2%" 140°29.34" 3690
FL 271 83°10.67°' 153°53.54" 3254 356 70-05-1 75°44.0)" 140%42.47" 3709
FL 272 83°11.82°' 152°56.24" 2384 246 73-06-1 75°56.04° 139°41.99" 3703 .1
FL 273 83°12.30' 152°56.42" 2323 267 79-08-1 75°52.54" 139°03.04" 3678
FL 275 83°30.23" 149°58.64" 2884 328 76-15-1 75%32.74" 139%22.79°" 3668
FL 277 83°34.55" 149°26,45" 28N 356 77-14-1 75°23.20" 139%50.02° 3681
FL 278 83°36.40°' 149°08.10°' 2725 312 79-15-1 75%23.25%° 160°14.90° 3681
FL 280 83°51.84" 148°22.73' 2639 323 83-12-1 75%23.68"° 196°02.43" 2234 1
FL 283 83°48.06" 146%12,65' 2639 267 87-19-1 79°18.49' 156°07.18" 2903 !
FL 285 83°48.51" 145%27.90" 2653 349 89-20-1 75°38.49" 151°08.51" 3802
FL 286 84°00.84" 144°02.17" 23116 343 90-20-1 76°99.42° 170°02.3%" 2218 o
FL 287 84°05.19' 144°01.15" 2430 305 92-18-T 77°38.20" 174°43.62° 2078 o
FL 288 84°11.23" 144°28 .42 2414 348 94-18-T 77°53.03" 175°51.60° 1611
FL 289 84°14.69" 144°16.97° 2357 196 98-18-T 77°43.84" 175°00.21° 1929
FL 292 84°18.28" 143°41,02' 23130 277 100-18~1 77°39.40" 174°23.50" 2099 i
FL 293 84°25.00° 143°04.57' 2058 208 115-17-1 78°04. 26" 174%49.5%° 1503
FL 295 84%57.40° 145%30.63" 2214 315 116-16-T 78°05.38" 174°48.49" 1570
FL 297 84°93.53" 163°10.03' 2223 295 122-16-7 78°08.0%" 174°22.45" 1837
FL 300 85°18.53" 164°02.85" 2082 305 129-17-7 78°16.1%" 175°21.607 1288
FL 101 85%18.95° 143°36.00" 2100 318 129-17-T 78°34.11° 175°54.80° 1453
FL. 308 85°30.27° 143°08.18° 2252 130 133-19-) 78°29.13%’ 176%14.29" 1222
FL 31 85°41.93" 142°21 .15 2332 326 140-1%-1 78%36.93" 176°24.40°" 1565
FL 314 85°27.00" 139°23,54" 1927 115 153-18-1 78°40.99" 175°1R.16° 18195 3
F. 316 85°08.72° 138°13.91" 1785 345 165-18-T 78°48.04" 176°08.01° 1490
Fl. 118 86°57.73" 136%13.15" 1982 345 182-12-1 78°56.61° 175°56. 61" 1069
FL 322 84°27.00°' 135°18.13" 2446 277 1B7-13-1 79°33.91° 171°39. 64" 2408
FL 326 84°12.89°" 135%1.40° 2653 340 193-17-1 80°01.134" 174°02.55" 1753
FL )31 84°16.02° 134°37.65%° 2659 148 196-21-1 80°11.97" 171735290 1427 1
FL. 340 84°48.60" 131%17.96° 2290 351 199-23-T B0°11.RY* 1200452700 JUHB
FL. 46 A4°51.22° 130°42.69° 2372 353 204-18-T 79%44.07° 170°57. 46" $1h7
FL 357 B4®57.78"° 130°20.00° 2213 340 208- 20~ 1 7944518 170°14.59° (R E
FL 360 84°52.50° 129°55.37°" 2198 192 229-23-1 81°4n.69" 15700949 WM
FL 362 84%94.57" 130°10.15" 2385 351 241-24-1 R1°50.979° 1h7°42 64" 1812
37 B4°39.69" 129%52.99" 249) 356 239-23-1 R2°09.02° 156540 46" 1RO
FL 178 B4°19.05" 128°57 +a* 2299 48 267-24-1 B2l 4. 40" PN7%00.60" (LT
FL 381 84°37.03" 127°26.35" 2585 338 2599-74~) H2°15.06" 18249 K4 TR
FL 19% H44%61.51" 125°53.40° 2502 239 269-24-1 82°41.27° IR RPN S 17 H
FL. 395 84°18.573" 126%04., 65" 2589 148 315-20-1 LRSI 139%046 . /2" 1800 :
FL 198 B4*36, 42" 129%48.14"° 2596 151 3129-03-1 He1:. 74" TIse29.70 A 4
FL. 400 A4°3n.8]" 126°21.4)" 2690 396 327-23-1 84°14.49" 15" 45,08 Shld .
F1. 408 B&*21.51° 127%92.45" 27158 1R 136-21-1 B4"3h 92" 112°06 0GR 2494 v
FL 409 A4°27.51" 1271°00.21° 2742 348 Yak-22-1 85°01. /8" IKIOEY IR AS 1744 '
FL 410 AL28.13" 126°52.41" 2137 Yah 389-09-] (Y RN IPIASS L L
LA B B4°25.56" 125°15.22° 2390 319 395-16-1 R&°41.51° 1050984600 2o
n ol R4*29.R8" 124°06,28° 2981 il 416-11-1 842057 [FASRUIASN SN
. w20 Be*4h. 99" 122°59.14" 2240 (317 431-20-1 850N 6y (PR PP 1hnh
FL 425 B5°02.61" 127700000 2282 348 437-19-1 [ISRCIE b 129500, 70" ) aKa :
FI 427 LU PR [ENTR.TN 224 120 4l6-19-1 (SRR Y [REIUNT '
FI. 440 A5%59.45"° 131°20.49° 1RGO V4 500 1h- | CYSRTAENE [EPAPI I
1. 432 B5%98 .04 130°51.93° 1674 2 KRR RPN S0 N0t AR RO
n o4 AT LAY 129°51.7%" 1h24 331 ERPER RN - A
F1. 439 K%Y 41" 129%32.49" 2212 JR7 el RS BT Bty an 1 rue




STRATIGRAPHY AND GLACIAL-MARINE SEDIMENTS, CENTRAL ARCTIC OCEAN 53

APPENDIX 1C. VALDERS TILL SAMPLES, EASTERN
WISCONSIN (PRINCIPALLY A TILL-
SHEET DEPOSITED DURING A GLACIAL

i
ADVANCE) |
APPENDIX 1E. NON-ARCTIC SEDIMENT CORES I
Sample Tier Range Section Quarter !
Water Core [
001 2N 23E 12 NENESW Core Site Lat. Long. depth  length f
002 18 22 10 NWNWNW (m) (m) !
003 18 24 7 SESENW - '
004 17 23 11 SESENE
005 17 23 1 SWSWSE Deep-Sea Drilling Project cores - :
006 16 23 10 NENWNW 111 North Atlantic 50°25.57'N 46°22,05'W 1797 74.0 ;
007 16 23 10 SWSESE 182 Gulf of Alaska 57°52.96'N 148°42.99'W 1411 11.9
008 16 23 34 NENWNE 346 Greenland Sea 69°53.35'N 8°41.14'W 132 120.4 b
009 22 24 30 RWSWNW 1
010 19 22 23 SENENE USNS ELTANIN cores [
gi; }z g; ig PR 12-6  Weddell Sea 65°08.6° S 47°07.3° W 4113 6.45
oL 19 % 37 SESESW 27-12  Ross Sea 77°14.0" S 169°04.3° W 929 5.01
o014 18 23 3 NENWSE 37-7 Southern Indian  65°01.1' § 164°57.2" E 315% 11.98
Ocean
1 2
?1; ;(9) f; ;1 f‘::m: 42-9 Bellinghausen 69°59.40'S 80°24.0° W 967 5.65 '
126 18 19 6 NENENE Sea
- USNS NORTHWIND cores
- 110 Kara Sea B1°34.8' N 79°52.0° F 203 .87
{ 115 Kara Sea B1%35.5' N 67°32.0" E S67 .96
: il . o
5
APPENDIX 2. AVERAGES AND RANGES IN VALUES OF o3
: APPENDIX 1D. EAST PACIFIC OCEAN SEDIMENT CORES (SAMPLES AT THE WEICHT PERCENT OF THE SAND '
‘ UNIVEKSITY OF WISCONSIN) SIZE FRACTION (>63 MICRONS) FOR
SELECTED CORES ;
Cruise-station-core l(:; I((’:l;‘ Depth Sediment Type Number of Average Range
N Unit vores [©4} )
7401-10-FFCL2 19°40" 132°00" S100 m pelag. clay . . i
7402-12-FFC12% 30°43" 119°43" 4100 pelag. clay ;U’ 2 ]2'; ’i o f;
7402-13A-FFG1 16°00° 125°00° 4210 hemipel. clay . ] 202 )re e
7401-008-FFC9 11°00" 160°00" 4850 cale. ooze ) . e '8 e "
7402-14B-80X3 04°32° 1a0°21" 4192 s1l. ooze : 2%, to 3
K 5 5.3 10 to 40
R i S - o= R et n o 21.4 12 ta 29
. . 1. Y 3.1 15 te 2
*Hisengram of Figure 49, ™ . 204 I te 30
He 24 26,0 19t 4n
Hd 24 1.4 AT
B M APy A7 1% 1t 27
° Hh 14 §4.6 19 1o 40
. Ha 14 ran ore
B . N K% | Jora 19
; 13 , KRS 9 ot AW
t KD R.h R ETIN AN
n Y Hod N ETEN B
fﬁ|‘ Ay 16,1} HIAE ETR
Cht 2 16 Pl o
B A [ ¢ ote o
AtY i SE S0 re o f
A P N 1 te 10 '
*y o teters to the Top Lower (oatse laver in
ande
!
i + po reters o the Bortom Lower Curne Taver
in unit .
. SAY referm te the arcnacecan oy iten tn
M unit AL
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APPFNDIX 3. THIN-SECTION MODAL ANALYSIS OF CENTRAL ARCTIC OUEAN STRATIGRAPHIC APPENDIX 3 (Lontinued)
UNITS

§
; Sample 1.D Quartz- Lichic Detrital Foram Upaque Unknown Sample 1.0 Quartz- Detrital Faram Opague Unknows
i A feldspar tragments CaC0y tests (FeMn) ? ’ feldspar CaCuy tentn 1FeMn) '
v
| Lower part of unfit A Unit Hd
i 221-8-T 6.3 6.} 0.8 0.3 20.3 6.0 214-11 53.7 6.4 1a 6.9 1.4 1. l
3 283-3-4 4.3 8.0 0.4 0.0 i1.8 13.8 28b-106 BU. 3 10,0 [T 0.4 g L3 i
430-2-3 8.1 8.5 0.8 0.0 4 7.3 430-13 S4.h 3.9 s IS - !
Average &b, 2 7.6 0.6 0.t 15.7 9.2 Average 6.8 10,2 .l L) by !
I
Upper part of unit A { 1
214-1-1 PR 7.5 0.0 0.6 43.4 9.3 Unit e
283-5-1 46,3 146 0.8 0.0 3.1 7.2 2la-1 . Bkl Lo b ' '
430-4-1 56.4 9.3 0.5 0.7 25.5 7.6 86-16 ol nn e b P
Average 49.1 10.5 0.4 0.4 13.9 6.7 @30-13 h N R v e ;
Averase L] bt o 1.1 N
Arenacevus portion vf unit A
283-5 87.9 7.1 0.3 0.0 2.1 2.1
$81-2 86.8 6.2 0.6 0.0 2.9 3.5 5. S e ' !
400~} 86,3 6.2 v.3 0.0 2.8 [ 7./ o e " N
Average 7.0 6.5 0.4 0.0 26 1.3 8.9 N Pt “n v
. at.8 I il [ “«
Unit B 6.6 o s ] v.or
218-4-B 61.3 144 3.8 0.9 16.2 1.8 63 R o “
283-h-1 67.6 b 0.0 0.3 15.7 5.4
440-4-1 10 10.4 0. 0.0 9.9 5.9 PW daver ot unte
Average 67.2 12y 13 0.4 13.9 5.4 228-15-1 “s.t 1o o b ot 1
270- 18-4 PR [ (L 1. T [
Lower part of anit € an.d 7.3 . .. by o
22118 ik 11,5 59 0.0 2.0 5.0 8.4 oS B (o <o T
86-9 2.8 1.2 2.7 0.0 1.2 7.1 wheb v o6 o ! v
-7 5.9 sl 1.0 1.0 2.9 5.2 4.9 9.0 tiow [ v S
Average e K 1.6 3.2 a.3 2.0 5.1
1 Upper part of unit | with P clants
2IB-8-52 ahil in.d 150 Lo 1o S
Upper part of unit € ats 1 e B s to !
221-14 812 9.7 2.4 0.0 XY 3.8 ab.h 1o 14,0 RS [ 1 '
2RA- L0 PA N 12.5 0.1 n.y 1.4 LN 4R h HI LA 1.t L) ) L
430-7 71.7 13.7 0.4 g.0 5.7 8.0 504 10,3 [FY 1.y [ O
Average 7.4 12.0 1.3 0.0 3.2 6.1 Average ib. s 12,0 34.0 )0 Sk [ '
Ungt © |
2143t bk 149 5.0 1.0 ! “ tnit K {
28493 12n 15.9 2.1 0.1 2.7 6.7 PFLEN RN 49.h 13.4 6.y Sy .1 1.4
L30-9-4 ha .S 9.2 2.8 0.4 17.¢ 4.1 2I0- 18- allh 12.8 17.6 10,0 LR SR
Average LCI; FREY 3.8 a4 Bk [ [RTRREEN v 1.4 N Vi p .1
4n9-12-4 tll 144 VN K " i)
435-12- 90LH 1.4 [E (K] K 1.k
K4 b 0 1.8 0.0 [ 7.8 Average 417 [ Ta. ! L ;2 Sl
. 144 i 0.1 "2 5.0
651 e h. [ 5.4 4.8 Unit L
67 FEIES hlh n.y i h.? ERL R ] i v.2 : [
PR ITE } (3. L { "
Cott F $11-20-0 XN “oh o o
- R 2t 5.0 KNS 4.7 LR Hhs Loon L Lo “
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Plate 1. Index map showing location of the samples used in the mineralogic and textural data taken from X-ray diffraction data usi
compilations that follow on Plates 2 to 8. All central Arctic Ocean points are T-3 cores (for example, No. continental shelf data have been recalcyl
1-567). The points along the continental shelf east to the Canadian Arctic (letters followed by numbers and others (1954). This results in uniform
and numbers followed by letters) are from Berry and Johns (1966). Biscaye (1965), Naidu and others different workers. This means that the co
(1971), Naidu and others (1974), Naidu and Sharma (1972), Naidu and Mowatt (1975), and the NOA A hecause of difficulties in converting data
F Computer Printout of Arctic Ocean Sediment Grain Size Data. Mineralogic data for the maps were
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taken from X-ray diffraction data using the technique outlined by Biscaye (1965). Much of the
continental shelf data have been recalculated using techniques and methods of Biscaye (1965) and Johns
and others (1954). This results in uniform data for illite, but the nonillite clays were treated differently by
different workers. This means that the continental shelf data for the nonillite clays are only approximate
because of difficulties in converting data from different sources.

CLARK AND OTHERS, PraTh |
) l Geological Society of America Special Paper 181




\\




NNNNN

AT N «
















AR

_T ] o/o o
i

o~
o) o))
Te)

A\

O

% 60-70%

\ |

I







® o [
e ®
°
°
o.. —
. ®. e 7 AN
® 9 l' - A
[} ¢ T & o
° o N o
¢ —_— oy 2 4
. \
° . Nl
[ - °
o9

|‘5°/o

5-10%

10-20%

20-30%

30-37%







1-5%

5'|O°/o

10-20%

20-30%

{ >
\ r Y
Y 1 o ¥ ¢
.
-\ — K-
~
Y h Y
R . N\
T
P AN
[+ 4 S\ AN
s et wm\ AN
>
- —C
- N AN
i g
X A\
- —
e \
(4 -
- .
.
A=y
-
A\
{
({ r
—
i
“
e
%jl
= bt °
in
¢
=
|
| i Y

ek
=,

f";\.—-:ﬂL

Plate 4. Percent chlorite in Arctic Ocean surface sediment. See Plate | explanation fos
sample-number data and geographic information.
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Plate 6. Percent mixed-layers collapsible in Arctic Ocean surface sediment. See Plate
explanstion for sample-number data and geographic information.
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explanation for sample-number data and geographic information.
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Plate 8. Isopach map of percent sand ( .42 um) in Arctic Ocean surface sediment
Plate 1 explanation for sample-number data and geographic information
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